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Chart shows result of heating steam con- 
servation program explained this month 
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The most complete line of Controls mac 
to regulate the temperature of Water! 


Water Heaters (Heated by Steam or Hot Wate) 
for ™ Self-operated regulators, compressed air ond wots 
operated regulators, for all types of Storage, |p. 
stantaneous, or Submerged Heaters. 


Hot Water Line Control Regulators !or mixing 
hot and cold water to deliver a mixture at a prede. 
termined temperature. 

Mixing Steam and Water—Reculatois 
mix steam and cold water or steam and warm wot: 
to deliver a mixture at a predetermined temperature 

Drinking Water Cooling by regulating circ. 
lation of brine or other refrigerants. 

Sprinkler Tank Heaters—Regulators to elin. 
inate freezing and prevent over-heating of water in 
fire protection systems 










Safety Shower Mixer 
for Individual Showers 
































Steam and Water Mixer 


Hot Water Outler—, 


Only a few of the simple 














types of POWERS controls POWERS NO.!I! 
fr water temperatures REGULATOR 
ere shownhere  “Y]—n fe [=> ae “a 


Use Powers 
Control for— 
INDIVIDUAL SHOWER BATHS— 


Most complete line of thermostatic 
safety water mixing valvesfor showers, 
tub and shower combinations, ring and 
rose showers, etc. 


GROUP AND GANG SHOWERS 
—Mixing valves for showers in groups 
of 4 to 20 baths. 


ZONE SHOWERS—Proagressive lane 


showers for swimmimg pools. 


HOSPITAL HYDROTHERAPY— 
For arm and leg baths, douche baths, 
colonic irrigation, control tables, con- 
tinuous owing baths, etc. 


INFANT BATHS—For maternity 


wards. 


SURGEONS WASH-UP SINKS— 
Knee and Elbow operated mixers. 


X-RAY PHOTOGRAPH DEVEL- 
OPING BATHS—Mixing valves to ac- 


curately maintain proper temperatures. 







INDUSTRIAL PROCESSES — Most 
complete line of mixing valves, made 
with capacities of from 2 to 2500 gals. 
per minute, used for Bakery Dough Mix- 
ing Machines, Sausage casing washing, 
oil drum washing and hundreds of 
other operations. 


LOCOMOTIVE BOILER WASH- 
ING—Regulators for hot water used in 
washing out boilers and sludge dump- 
ing; also for washing down outside of 
locomotive. 

WASH SINKS—To prevent over- 


heated water. 


SHAMPOO FIXTURES—F or barber 
shops—bveauty parlors. 


WASHING AUTOS, TRUCKS & 
BUSES—DMixing Valves for hot and 
cold water and steam and cold water. 


LAUNDRY WASHWHEELS—For 
washing woolens, silks and colored 
goods. 


DISHWASHING MACHINES—For 
large machines used in Hotels, Restau- 
rants, Clubs and Hospitals. 


BOTTLE WASHING MACHINES 


for Dairies and Beverage Bottlers. 


















Above: Typical Application Self Operating Regulator 
Below: Typical Application of Powers Compressed Air or Water Operated Regula 
POWERS NO.IO 
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Instantoneous Heoter 





Cold Water 


Drip> +— Inlet 





Below: Powers Thermostatic Water Mixing Valves 
Warm Water A 





ENGINEERING SERVICE—No other firm can offer you the 
wealth of experience gained by Powers engineers in providing 
water temperature control for every conceivable purpose in all 
types of buildings and industries; and no other firm can offer 
you as large a variety of controls—only a few of our simplest 
types are shown here. Whenever you have a problem of water 
temperature control call in a Powers engineer. His recommen- 


dations may save you considerable time and help you to get 
the best type of control for any particular purpose. 
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THE EDITOR’S PAGE 


IR conditioning is involved in an unusually high percentage 
A of proposed loans under the $50,000 amendment to the Na- 
tional Housing Act, it is believed. Of twelve applications in one 
state which came up for approval recently, two were for the 
purchase of air conditioning equipment. When it is real- 
ized that proceeds of modernization loans may be used for over 
150 purposes, the importance of air conditioning in the modern- 
ization of plants and buildings as indicated by the above ratio is 
quickly apparent. 


Federal Housing Administration business passed the $400,000,- 
000 mark last month, the FHA reports, Title I modernization 
and repair notes insured accounting -for over $185,000,000. This 
is all private capital, as the Administration does not loan money. 

From available statistical sources and reports, the FHA 
estimates that since launching of its modernization and repair 
program, more than $900,000,000 of this type of work has been 
done, as it is thought five to six dollars is spent for each one 
dollar obtained through an insured loan. Every important 
indication points to an increased volume in practically every class 
of building and engineering work in 1936, according to a fore- 
cast report by the F. W. Dodge Corp. 


In announcing its term-payment purchase plan to enable pur- 
chasers of its products to take advantage of the amended Na- 
tional Housing Act, Worthington Pump and Machinery Corp. 
points out that neglected opportunities for savings in any indus- 
trial plant are equivalent to direct losses, and that such losses 
can be avoided by modernization. It is not generally understood 
by users of industrial equipment, says Worthington, that the 
amended act enables purchase of needed equipment, apparently 
because of the emphasis on the word “housing” in references to 
the act and the FHA. As distinguished from the earlier 
modernization loans limited to $2,000, the $50,000 credit ruling 
makes possible, in addition to modernization, alterations and re- 
pairs to property, the purchase and installation of any machinery 
or equipment that comes under the classification of being neces- 
sary to the conduct of the business or institution taking out the 
loan. . . . Business men should launch an “economic new deal” 
of their own by rebuilding America, Clarence Francis, General 
Foods’ executive vice-president, told the national sales execu- 
tives’ conference in New York last month. Far too many com- 
mercial and office buildings, factories, schools, hotels and public 
institutions are antiquated, run-down, far too costly to maintain, 
he said, and predicted we are on the verge of a sellers’ market. 


\ 20 per cent gain in commercial building, 20 per cent more 
industrial building, and a 10 per cent increase in institutional 
building for 1936 over 1935 were predicted by Russell G. Crevis- 
ton of Crane Co. at the Central Supply Association meeting last 
month. 


he chemists and engineers composing the coroner's jury which 
investigated the soy bean processing plant explosion in Chicago 
early last month recommended that the city formulate rules and 
regulations for providing pressure relief, adequate ventilation, and 
Systematic testing of air for dangerous mixtures in manufactur- 
ing plants where hazardous air mixtures are likely to exist. 
Cate of the explosion was not determined by the jury; Fire 
Chict John E. Murray, fire chemistry expert, stated in a report 


his belief that the blast was caused by spontaneous eruption of 
dust in a large bean meal residue tank, suggested, among other 
things, installation of humidifying equipment in the hexane di- 
vision of such plants. 


W. H. Carrier is soon to embark upon an extensive tour to 
survey air conditioning progress in a number of foreign lands, 
including South Africa, India, Siam, Java, and the Philippines, 
possibly Australia and New Zealand. He has promised 
to outline his impressions in a series of articles to be published 
in HEATING, PIPING AND AiR CONDITIONING; upon his return 
he will present a paper on the economics of deep mine air con- 
ditioning before the A. S. H. V. E. based on first-hand studies 
of the Robinson deep gold mine on the Rand. Expansion 
of the research facilities of the Owens-Illinois Glass Co. was 
announced last month following award of a contract for con 
struction of a two story all glass laboratory building in Toledo. 
To be built entirely of glass blocks, the building is to be air con- 
ditioned, will have a roof insulated with glass wool. . . . A 
signal system for indicating outdoor weather conditions is to be 
installed in the windowless, air conditioned office building of 
the Hershey Chocolate Corp. 
lighted, bull’s eyes on a panel in each office will show by seven 


Three colored glass, electrically 


different combinations of red, white and green if the weather 
is clear, cloudy, rainy, sleeting, snowing, clear below 10 F, or 
clear above 90 F. That’s putting the weather in its place. 

Twenty-fifth anniversary of the bakelite industry is being 
commemorated this month and the Bakelite Corp. has issued a 
special edition of its house magazine. 


Standards for testing and rating unit air conditioning equip- 
ment, prepared by a joint committee, were adopted unanimously 
by the Air Conditioning Manufacturers’ Association at its meet- 
ing last month. First in a course of lectures on the funda- 
mentals of metallurgy as applied to welding was given before 
the Chicago section of the American Welding Society last month ; 
the course is to run through the fall and winter season. ; 
The November 14 afternoon session of the International Acety- 
lene Association’s annual convention at Cleveland will be devoted 
to welding piping and pressure vessels, will include papers on 
high pressure piping, by J. A. Freiday, Thomas J. Murray, Inc. ; 
welding Class I pressure vessels, by G. W. Plinke, Henry Vogt 
Machine Co.; welded piping and pressure vessels in the marine 
field, by J. W. Wilson, Bureau of Navigation and Steamboat In- 
spection; and permanency of oxy-acetylene welding, by F. C. 
Hutchison, Linde Air Products Co. The American Stand- 
ards Association has adopted as an American Standard the re- 
port of its sectional committee on threads for hose connections 
having nominal inside diameters of 14, 54, 44, 1, 114, 1%, and 2 
in. (ASA B33.1-1935). 

Charles F. Scott, professor-emeritus of electrical engineering, 
Yale University, was elected chairman of the Engineers’ Council 
for Professional Development last month, succeeds Dr. C. F. 
Hirshfeld, Detroit Edison’s chief of research. John Ever- 
etts, Jr., is offering an evening course in air conditioning under 
the auspices of the university extension division of Columbia 
University, New York City. 


Among the papers to be presented at the annual meeting of the 
American Society of Refrigerating Engineers next month are: 
“Data from Experiment and Research Preceding the Construc- 
tion of Large Freon Compressors,” Llewellyn Williams; “The 
Calculation of Evaporator Surfaces for Air Conditioning,” F. H. 
Faust; “Investigations of the Health Aspect of Air Condition- 
ing,” Dr. W. J. McConnell; “The Control of Odors,” Philip 
Drinker; “Safety in Air Conditioning,” Dr. C. S. Cragoe; 
“Specifications for Air Conditioning,” E. W. Goodwin; “Pro- 
posed Standards for Rating and Testing Air Conditioning 


[Continued on page 96, back section] 
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GREATER REPUBLIC STEEL GORPORATION 


accepts the challenge of industry 


With assets increased by more than $40,000,000, with greatly enlarged 
reserves of northern iron ores, with advantageous terminal facilities on the 
Great Lakes and strategically located additional plants, a greater Republic 
Steel Corporation accepts the challenge of every steel-using industry. 

The merger of Corrigan-McKinney Steel Company and Newton Steel 
Company with Republic Steel Corporation is one of far-reaching signifi- 
cance. Corrigan-McKinney Steel Company brings to Republic tremen- 
dously increased facilities for the production of high grade pig iron and 
steel. Newton Steel Company has long been an important source of supply 
for quality sheets. 

Even before the acquisition of these companies, Republic was the world’s 
largest producer of alloy steels, including the famous Agathon line, 
ENDURO perfected stainless steels and the new Republic Double Strength 
high tensile steels that are lightening the weight of nearly every type of trans- 
portation unit. Republic has been the sole maker of rust-resisting Toncan 
Iron for more than 27 years—the pioneer in the development of electric 
resistance welded pipe—the maker of Sil-con low-loss electrical sheets and 
coiled strip. 

In addition to making these trade-marked products, Republic continues 
to occupy an important place among the producers of high quality plain 
carbon steels in practically all commercial shapes. 

A greater Republic Steel Corporation accepts the challenge of industry 
—looks optimistically to the future—keeps pace with the increasing de- 
mand for ever better steels—steels lighter in weight—steels of greater 
strength—steels more resistant to corrosion and high temperatures—steels 
that strike a new note in beauty—steels more dependable, longer lasting 
and more economical. 








Republic Steel 


CORPORATION 


GENERAL OFFICES ~~: YOUNGSTOWN, OHIO 


ALLOY AND CARBON STEELS 
TONCAN IRON « STAINLESS STEEL 
PIPE AND TUBULAR PRODUCTS 
BARS AND SHAPES « PLATES 
HOT AND COLD ROLLED STRIP 
HOT ROLLED, COLD ROLLED 
AND SPECIAL FINISH SHEETS 
TIN PLATE « WIRE PRODUCTS 
NUTS, BOLTS, RIVETS, ETC. 

DIE ROLLED PRODUCTS 
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THIS NEW NASH STEAM OPERATED PUMP 
CUTS RETURN LINE HEATING COSTS. 


reason that this pump operates continuously. 
It is the only pump that can do this with 
economy. Continuous operation means 
uniform circulation, and uniform circulation 


This remarkable Return Line Heating Pump 
requires no electric current, eliminating the 
greatest expense item in the operation of 
any ordinary pump. The motive power is a 
special turbine. It operates on any heating 
system, above or below atmosphere. 


The steam which operates the turbine 
passes directly back to the heating mains 
with little heat loss. None is wasted. 


But the really important saving effected by 
the Vapor-Turbine is in the system, for the 





saves steam. Owners report remarkable 
savings in fuel with the Vapor-Turbine. 


Mechanically, this pump is a marvel. One 
moving element, no wearing parts, no in- 
terior lubrication. Compact, trouble-proof. 


NASH ENGINEERING COMPANY 
SOUTH NORWALK, CONNECTICUT, U. S. A. 
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HE heating system serving a building or group of 
buildings can be a source of aggravating difficul- 
ties and dissatisfactions, or it can be a source of 
great satisfaction and can contribute materially to the 
effectiveness of a plant, building or institution. The prime 
objective must always be perfection of service, with econ- 
omy highly important but secondary to it. Heating costs 
at The University of Chicago have been sharply reduced 
during the past few years, while service has been improved 
and plant facilities have been put in better condition. 
How this has been accomplished is our subject here, as 
the methods used should be of general interest in that 
they will serve to indicate similar possibilities to others. 
At the University—which occupies some hundred acres 
of city property eight miles south of Chicago’s loop— 
heating is a part of physical plant expense administered 
hy the department of buildings and grounds, and respon- 
sibility for the operation of the service rests upon the 
superintendent of buildings and grounds. Generation and 
transmission of steam is under the supervision of the 
chief engineer, while steam distribution and_ utilization 
‘ under the foreman steamfitter. 
During the past ten years an obsolete heating plant has 
een eliminated, a new and modern boiler plant at a rail- 
iad site has been built, and new, unusually long tunnels 


“Superintendent of Buildings and Grounds, The University of Chicago; 
monty, Superintendent of Buildings and Grounds, the University of 
ligan. 
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for steam transmission have been constructed.' Extensive 


alterations have been made in the old and partially worn 
out distribution system and older buildings have been 
renovated with particular regard to the steam piping, 
where many gravity systems have been converted to 
vacuum. Windows have been caulked and _ weather- 
stripped. Old buildings have been equipped with various 
types of control. 

In the recent construction program, particular atten- 
tion has been given design and arrangement of steam 
using facilities in new buildings to assure economy in op- 


Pipe covering has had special attention. 


'See “Central Steam Plant and Pipe Tunnels Keep Heating Costs Down 
at U. of C.,” by Charles Levin, HEATING, PipING AND Aik CONDITIONING, 
February, 1933, pp. 90-93. 

A well planned, persistently carried oul steam con- 
servalion program at the University of Chicago has 
reduced consumption from 2.698 to 1.208 lb per 
degree day per 1000 cu ft of space.... To achieve 
results such as this, much preparation is required 
and continual pressure throughout the year is need- 
ed to accomplish the maximum possible result, as is 
the hearty cooperation of many persons....How it was 


done—and how others can do likewise—is told here 
































erating costs, and many buildings have been generously 
insulated. Types of construction have been chosen with 
low operating cost in mind. Dual thermostats, master 
control, and high vacuums have been used with success. 
Automatic clock controls and similar devices have been 
provided to reduce the work required to operate complex 
apparatus. 
Steam Carefully Metered 


The question of measurement of results for better con- 
trol of operations has had intensive study. One hundred 
and nineteen steam meters (Table 1) enable the meas- 
urement of heating steam almost as effectively as elec- 
tricity is metered. Steam meters are read regularly and 
bills for steam service are rendered monthly ; for check, 
many of the meters are read twice each month. 

All meters are serviced and tested for accuracy regu- 
larly, each meter being taken out once a year for com- 
plete calibration in our own meter testing laboratory. 
Through the chief engineer, specialists inspect, adjust and 
check these meters so that now, after a period of three 
years in which the load has been similar, abundant data 
are available for firm reliance on steam meter readings. 

The monthly steam reports (the master reports) indi- 
cate the use of steam for each building for each purpose 
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Table 1—Types of Meters in Service at University of Chicago 
STEAM METERS 
Flow type 
Shunt 


te 


REE SE EN ie ae eg eee oo yay ea 
(46 2-in.; 2 3-in.; and 4 4-in.) 


Orifice 


NE eile Whine wie Red Teg Sr nin wre we eee or caret aD 
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CONDENSATE METERS 
Displacement 
ree ere ee ee oe ey eh ee ee 41 
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Trap ‘Type 
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SS et oh awd naa shane ds 6 Wma eWelshOes eae been w ses ccc 119 


for the period. Each monthly bill bears a factor denoting 
the pounds of steam per degree day per month per 1000 
cu ft. of building space. These factors arranged monthly 


give v 


ery good control; those receiving the bills have 


the previous month’s bill and the same month’s bill of 
the previous years, and knowing the variation in use 


Fig. 1—Steam use report forms and bill for steam 
which is rendered monthly. These forms aid 
department of buildings and grounds at the Uni- 
versity of Chicago in achieving heating economies 



































































































































THE UNIVERSITY OF CHICAGO 
The Department of Bulldings and Grounds 
STEAM USE REPORT 
Pre Jan, %, 1955 to Jet £ a 
Degree Days Outside Temperatur 
This Month | 4 This Month 20. 
Normal 1713 Normal : 
Difference=- 111 D&fference 4 
Pa > Meter Steam Tota 
aseineen | No. M=lb3. Melba. 
—. 
-~ RAST AREA 
1) SUB-METER 5 
(2) BUILDING METER: 
(a) Heatt 
Belfield East 95 249 
Blaine OF 1552 
Belfield West 28 564 
Ida Noyes Tic 292 
Iraduate School UT 609 
Sunny Gymnasium - - 461 
Temporary Gymnasium Tis 26) 
Sub-Total vi: 
(b) Hot Water 
Blaine 5 73 } 
Belfield be 
Ida Noyes TT Ta" | 
Noyes Commons ot] 2 
Graduate School C 2 
Sunny Oymnasium(c.T. ) 
Sunny Gymnasitum( Pool) 118 ¢ 
Sub-Total = [— Be 
Total 127 
Difference [— se FSi 
Percent ae Pr 
» MORTHBEST AREA 
(1) SUB-METER 6 12, 94¢ 
) BUILDING KETERS _——e 
(a) Heatin, 
Botany Oreenhouse 94 134 
West Stand af = j 
Nutchinson 4 ] 
Service Building 6T 6 ] 
Hiteheock Hall © andl 
Bartlett BS bDe 


ee 
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RECAP ITULATION 





1) Totel Steam to Tunnels M-lbs. 4 
(peief Engineer's Report) 

(2) Tote) Sub-Meter Readings M-lbs. 02%} 
(Moterss5,6,7,6,9,17,16,10,12,15,11) 

(s Total Bullding Meters -M-lds, 4 2 


(Areas I,ITI,II1,IV,plus Sub-Meters 
3,10,11,12,15,17 and 18) 


Difference (Sub-Meters less 
Building Meters) M-lbe 


Percent Difference 





oyna DEM RIFTION OF WORK OR MATERIAL oo 





Dormitories coucaco, Feb. 28,1 


Te The University of Chicago, px 














DEPARTMENT OF BUILDINGS AND GROUNDS 
From 28% 26,1935 through Ped, 26,1955 
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THE UNIVERSITY OF CHICAGO 
The Department of Buildings and Grounds 





Date February 1955 


STEam USE REPORT 








| suse Mon th Last Month Fiscal Year 











STRaM TO TUNWELS 4.653 58, 0 52,918 








Difference (output 


to 


STEzM USED POR 
(a) Beating 45,553 91.9} 50,508 PS.2] 195,662 aq 
(>) 8.0. Beating 5,273) G6 2,902 6.4 17,079 |8, 


lc 






atean used) »291 4,762 
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) Dept"l. Equip. 7"36N.5 790 f.4 3,420] 
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4 Total Difference (Tunnels less 
Bulldings W-lbe. } 
——— EE 


ercent Difference 











(Los. per oq. ft 
of Radiation) 56. 406 62,818 
(80% 062 oq. ft.) 
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Fig. 2—-Reduction in steam consumption, 1925-35 


or occupancy of the building can at cnce have a very good 
indication as to whether or not too much steam is being 
used and where effort should be made to reduce it. 


Steam Conservation a Fascinating Problem 


Conservation of steam is a fascinating problem. 
Prompt, reliable records are half the job; the balance is 
personal and ordinarily depends upon the enthusiasm of 
some few people who are actively in contact with the 
problem and alert to beat former records. Our conserva- 
tion effort takes the form of regular inspections and re- 
ports with recommendations by a small committee ordi- 
narily headed by the chief engineer with whom is asso- 
ciated the steamfitter foreman, or the local engineer. This 
small group makes inspections with the local adminis- 
trator, the hospital superintendent, the manager of the 
cafeteria, or the dormitory housekeeper, whose coopera- 
tion must, of course, be close and enthusiastic. 

After the primary inspection, the committee makes a 
series of recommendations which will ordinarily be that 
the steam is to be shut off and turned on at specific hours 
of the day, varying with the season. Secondly, the in- 
spection usually indicates wastage through excessive radi- 
ation, windows open in unoccupied rooms, outside doors 
left open, piping not well insulated, needed changes in 
the hours of operation of the ventilation units, poor cir- 
culaticn in the system, lack of efficient control of hand 
valves, and lack of frequent checks at thermometers at 
various parts of the building—particularly in mild 
weather, when overheating should be avoided. A heat- 
ing plant is scarcely ever wasteful in severe weather, for 
on cold days all of the radiation operating at designed 
capacity is required. It is during the spring and fall 
months and mild winter days that waste occurs. This 
Waste is roughly inversely proportional to the number of 
degree days for the month. 

The committee also makes justifications where its rec- 
ommendations involve expenditures ; that is, the improve- 
ment must pay out in a very short time, usually in not 
more than three years, at the bare cost of fuel only, for 
the extra cost or the saving results only from the fuel 
costs since the service must be maintained in any case. 
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Table 2—Summary of Operation for Ten-Year Period 


Tons M-.LB 
COAL STEAM Factor 
YEAR CUBAG! BuRNED Output — 
Old Plant 
ED. Ewin Se baie ba onal he 23,189,040 26,485 395,769 2.475 
NE So . 24,618,469 34,308 483,646 3.267 
SE cue 6wale we ces . 31,420,521 33,854 562,589 2.963 
2.9024 
AS 34,104,104 31,489 535,146 2.563 
tt “cccndsashneaens 36,608,922 33,708 518,515 2.220 
2.698" 
New Plant 
Dn; aheCdewsee>e . 39,232,132 31,931 456,824 1.925 
1931-32 . 45,519,206 28,526 401,462 1.682 
ME cada en ienne wen 50,997,557 27,940 402,806 1.291 
PEE. awhedaweas . 50,997,557 27,027 386,441 1.244 
SP tbdddcocavececs 50,997 557 27,534 385,656 1.208 


“Average of three years. 
“Average of five years. 


It is customary to inspect each building at least four 
times a year, beginning in October when school opens 
and, not ceasing in June when the heating season is over, 
but continuing through the summer months when large 
quantities of steam are used for non-heating purposes. 
Since about 70 per cent of the total steam output is used 
for heating, the major savings can of course be made 
during the winter. 

Ten Year Tabulation of Steam Consumption 

A ten year tabulation of the Factor “X” is given in 
Fig. 2 and Table 2. It will be observed that cubage in- 
creased very rapidly from 23 million in 1926 to 51 
million cu ft in 1935. Despite this enormous increase, 
the unit consumption of steam has been steadily reduced. 
Figures for 1926-27 were unusually high for two rea 
sons ; first, because of the over-loading of the old plant; 
and second—and more important—because of wastage 
of steam on a large construction project which was 
boarded up for temporary heating. Averaging the first 
three years of Table 2, however, gives a fair indication 
of the usage of the old plant. Averaging the five years 
ending in 1929-30 gives a very good figure for the effi- 
ciency of the old system, building and plant combined, 
at 2.698 lb of steam per degree day per 1000 cu ft of 
building space. 

The new Blackstone avenue boiler plant took the load 
in November, 1929, but steam was sent 6000 ft to the 
old generator during that winter, so that the earlier fig- 
ure included generation where exhaust steam was sent 
to the buildings for a part of the electric load only. Gen 
eration of electricity was discontinued in August, 1930. 
The figures for the new plant for the past five years show 
an average of 1.470 lb of steam for Factor “X,” which 
is 50.7 per cent of the average of the previous five years 
with the old plant and the old building. This reduction 


in unit steam consumption is even better for the past year 
where the low figure of 1.208 has been reached. 

During this ten year period the program of steam con- 
servation was effectively in operation to renovate old 
facilities, adding new and more efficient buildings, but 
more important, particularly since 1930-31, has been the 











effort of actual conservation. The reduction in steam 
delivered to the tunnel from 535,146,000 Ib in 1928-29 
to 385,656,000 Ib in 1934-35 is almost entirely due to 
the unceasing pressure for economy in this operation. The 
reduction in coal consumption from 32,000 tons in 1930- 
31 to 27,534 tons during the past year is also almost 
entirely due to conservation efforts and very largely rep- 
resents the effect of closer supervision. During this 
period, and especially during the past year, there have 
been increases in use such as greater occupancy in dormi- 
tories, more meals served in dining rooms, and more 
patients in hospitals. Normally the steam requirements 
should be larger, but the only reflection of this greater 
use is a small increase in the fuel consumption for the 
past year. 

It has been found that Factor “X” 
and consistent unit, particularly for the colder months 
when the degree day total is large. This factor for the 
warmer months, the degree day total being used as a 
However the actual 
Our people 


is a very reliable 


divisor, is of course not as reliable. 
meter readings have proved most important. 
have long since ceased questioning meter readings or the 
accuracy of the steam bills, a difficulty encountered when 
the billing was first started. We are satisfied that meter 
readings are within 2 per cent of the facts, and our efforts 
now are to make marginal savings where the cost must 
be justified over a longer period of years, or upon some 
other basis, such as replacement of a worn facility, old 
piping, rerouting to use smaller piping, better covering 
and the like. 

A mass of data has been accumulated covering sepa- 
rate buildings of different types. In addition to the bare 
assembling of meter readings it is our custom to group 
buildings of a like type for analysis. It has been found 
that the data represent known variations in use, construc- 
tion, or exposure, and that the same reliability can be 
placed upon steam meter readings as one is accustomed 
to accept from electrical, gas, or water meter readings. 


Reducing the Peak Steam Load 


Another interesting result of this work has been the 
study of the load duration curve, reproduced as Fig. 3. 
It will be observed that the plant has a considerably 
greater capacity than the present peak. The plant was 
projected during a program of building construction 
which was planned, like many other universities, with an 
over-generous provision for the future, estimating a steam 
load of 339,900 Ib of steam per hr peak for the year 
1944-45 and for the year 1935-36 a maximum of 280,200 
Ib per hr. 

Those estimates were based upon 1928-29 conditions, 
before the time of better construction of the buildings, 
more insulation, better control devices, particularly the 
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wider use of the more expensive of these control devices, 
all of which have had the effect of greatly reducing the 
peak load. Under pressure of necessity during recent 
years, it has also been possible to manipulate the system 
so as to reduce the peak load. One of the most interest- 
ing phases of this subject is the fact that the peak load 
for the past three years has not exceeded 150,000 Ib per 
hr. There were no additions to cubage during the past 
two years so that the reduction in peak load represents 
pretty largely the efforts of conservation. It was found 
possible to stagger the peak loads of individual buildings 
which had previously occurred simultaneously, particu- 
larly in the heavy winter weather, men were ordered out 
to turn steam on earlier, and the point of the peak load 
was stretched out over a wider area, thus greatly reduc- 
ing its magnitude. This procedure might very well be 
adopted by many institutions where peak loads seem to 
require additional boiler facilities. 

The load factor of a heating plant is notoriously poor ; 
figuring the peak load of the year 1930-31 at 171,000 Ib 
of steam per hr the load factor was but 33.1 per cent. 
Figuring the peak load of 1934-35 at the reduced amount 
of 138,000 Ib of steam per hr the load factor was 36.1 per 
cent. From this curve it is observed that the hours of 
maximum load have been reduced while the hours of 
average heavy load have remained steady and the hours 
of the boiler load have been curtailed. 


Loss in Transmission of Steam 


We are frequently asked about the loss in transmis- 
sion of steam. Our figures permit no direct comparison, 
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Some of the seventy-six major buildings at The University of Chicago 


Left to right—Universitry CHAPEL (1928)—Some direct radi- 
ation, but heating combined with ventilation and recirculation; 
thermostatic control. HutcHinson Hatt (1902)—Large 
dining room, wood roof, hot blast heating; thermostatic control, 
some direct radiators. ... . HarPER MEMorRIAL Liprary (1916) 
—One pipe steam converted to vacuum system. Large reading 
heated hot blast system, recirculation ducts provided 
for quick heating. Home For DestiruTe CrippLep CHIL- 
DREN (1928)—Vacuum steam heating; thermostatic control. ... . 
Cuicaco Ly1nc-1n Hospitat (1931)—Vacuum steam heating sys- 
tem with thermostatic control. .... PuysioLocGy BUILDING 
(1927)—Roof insulated. Hot water system, automatic control. 
Ryerson PuysicaL LAporarory (1896)—Work of three Nobel 


room by 


but we can tabulate figures which give a very good indi- 
cation. Steam is metered as it enters the tunnel of the 
transmission system at the wall of the boiler plant. It is 
again metered as the transmission system is joined by the 
distribution system where master meters permit of check 
readings. The sum of all of the building meters can then 
be separated into groups, each group of building meters 
again to individual group meter, and the sum of the 
group meters can be compared with the readings at the 
boiler plant. 

Table 3 indicates, for the past four years, the differ- 
ences between the steam measured at the entrance to the 
tunnel and the total of the distribution meters and the 
building meters. The transmission line is new, well cov- 
ered and highly efficient. The distribution system consists 
of connections to piping in old tunnel ; in many of the lines 
the direction of flow is reversed, and pipe sizes are too 
large because of use of old low pressure lines. In addition 
the figure represents as well steam not returned, where for 
example steam is turned into soil beds in a greenhouse, 
where it is used in direct contact with cold water at the 
faucets in one building to produce hot water, etc. ; steam 
which does not return to the boiler plant but is lost insofar 
as the building meters are concerned. In addition, these 
figures are all-inclusive, taking in all discrepancies of 
meter readings and errors. In spite of these limitations, 
the figures in Table 3 may be of interest as showing what 
these “losses” amount to. 

[t will be noted that the figures show great improve- 


ment. It will also be noted that the improvement is at 
Table 3—Metered Steam, Annual Variations 
1931-32 1932-33 1933-34 1934-35 
lransmission System* 29% 4.2% 5.9% 5.1% 
LD ibution System” ..... 16.2 15.0 12.4 12.1 
Botan -ebée dade es kee ae 19.2% 18.3% 17.2% 


wall less steam measured at end of 


team into tunnels at boiler plant 
tra nission lines. 

eam into distribution system less steam measured by building meters. 

team to tunnels less steam measured by 


building meters. 





prize winners—Michaelson, Millikan and Compton—was done in 
Wood roof, one pipe steam system; thermostatic 
HarPER MeMorIAL Liprary, Main Reading Room 
Very difh- 


Hot blast system is recirculated in order to accom- 


this building. 
control. .... 
—-Hot blast system, tile ceiling, leaded glass windows. 
cult to heat. 


plish warming up in a short period. .... LAw ScnHoor (1903) 
and, rear, HArpeR MeMorIAL Liprary—Hot blast system, ther- 
mostatic control, wood roof. EckHArT Hatt (1930)—A 


recent building. Pre-cast roof with insulation, dual thermostats. 
Used for research laboratories in physics and mathematics... . . 
Laboratory, 


(Lying-in Hospital, Physiology Building, Ryerson 


and Harper Library interior photos by Capes.) 


a decreasing rate. It should be borne in mind, however, 
that these are percentage figures. As the total amount of 
steam used decreases, the per cent required to heat the 
transmission and distribution ‘system becomes more sig- 
nificant. 
sizes and provisions for future growth. 


Very soon one is paying a penalty for large pipe 





Alteration of Pumping Equipment 


Alteration of existing equipment to meet some new 
special need is a problem that is likely to arise in prac- 
tically any industry. Pumping systems, particularly, 
are often subject to such modifications. 

Oxy-acetylene welding and cutting provide a means 
by which alterations can frequently be made without 
inconvenience and loss of time, at a minimum of expense. 
For example, in the rehabilitation of an old brewery it 
was found advisable to have an additional source of water 
supply for emergency use. This was to be provided by 
a reserve tank on the roof of the building. In order to 
make the two sources easily interchangeable, the check 
valve on the water pump was altered in a unique fashion. 
The cast iron valve cover was removed, a hole cut with 
a cutting blowpipe, and a section of pipe bronze-welded 
into this opening. With the check valve altered in this 
way, water can be taken either from the overhead tank 
or directly from the pump, using the same main riser in 
the building. 

Another example of the ready alteration of such 
equipment occurred at a southern orange grove where 
necessity for additional irrigation required that the 
pumping systems be changed. To provide the added 
power, a four-cylinder automobile motor was hooked up 
to a 400 gpm pump. No special fittings were required 
to complete this installation, as all of the connections 
and elbows were fabricated on the spot by use of the 
cutting and welding blowpipe and permanently water- 
tight joints were assured by bronze-welding. 








Commercial Air Conditioning Jobs 








Predominate, Report Shows 


REPONDERANCE of commercial air condition- 

ing installations with respect to total number served, 

connected load, and annual energy sales is quite 
evident from a summary of air conditioning loads served 
by fifteen Electric Bond and Share Company associated 
electric and gas utilities and published in Electric Bond 
and Share’s recently issued air conditioning report to 
its operating companies for 1934-35. Of a total of 2,874 
“personal, commercial and industrial” installations prior 
and during 1934 listed, 1,153 are commercial; of the 
total 26,782 connected hp, commercial jobs represent 
24,336; and the tons of refrigeration for the commercial 
installations is given as 12,690 of the total 13,946 tons. 
Information concerning industrial air conditioning in- 
stallations in the cities served is not indicative of the 
extent to which air conditioning is actually employed, it 
is stated, as perhaps a majority of industrial concerns 
having installations supply their power requirements from 
isolated plants and such use of air conditioning is not 
covered by data accessible to utility company commer- 
cial departments. 

Totals for the reporting companies were purposely 
omitted from the report with the feeling that they would 
conveniently but erroneously lead to calculation of aver- 
ages, and those given in the first paragraph should not 
he used for that purpose. With differing climatic and 
economic conditions in territories served by widely sepa- 
rated companies no conclusions could be drawn from the 
statistics ; neither would total annual sales be indicative 
of the aggregate for the group, as a bare majority, not 
including all of the larger operating companies, is repre- 
sented in the summary. 

A few words of caution on the use of air condition- 
ing statistics from utility companies are given in the 
report. Erroneous conclusions are frequently arrived at 
through lack of understanding as to the method of classi- 
fying particular installations, especially those involving 
only partial functions. Such errors occur, it is stated, 
mainly with respect to total number of installations served 
and average horsepower per installation. Some utilities 
consider air conditioning to include warm air furnaces 
with motor driven circulating fans, when equipped with 
either filters or humidifiers; others take the view that 
both filtering and humidification must be provided, in 
addition to fresh air supply and automatic control for 
temperature (but not humidity). Since the forced cir- 
culation fan for an average residence has a 4 to % hp 
motor, inclusion or exclusion with summer cooling in- 
stallations equipped with refrigeration will have a marked 
effect on calculated average connected load. Similar re- 
marks apply to commercial installations, when there are 
a number of small capacity installations. 

Another matter to keep in mind, the report advises; is 
that probably a majority of industrial air conditioning 
systems~over the«country are supplied with power and 


winter heat from private plants. The extent to which 
air conditioning is used for industrial process purposes 
therefore can seldom be judged from utility company 
statistics. Furthermore, an appreciable number of such 
jobs are constructed from plans and specifications pre- 
pared by industrial consulting specialists and do not 
appear in installation records accessible to trade groups 
or the public. In other instances, local purchases of 
separate pieces of equipment give no indication of in- 
tended purpose, for secrecy regarding manufacturing 
processes is attempted. 

It is also pointed out that the Department of Com- 
merce statistics on equipment sales in the heating and 
ventilating industry are quite inadequate as a barometer 
of air conditioning ; only two items directly identified with 
air conditioning (fans and air washers) are included, 
while the remainder apply to heating and a variety of 
industrial uses. The revised grouping of these figures, 
which is understood to be in development, is expected 
to meet a long-felt need. 

The report is by no means confined to data on installa- 
tions served by the companies, but includes sections on 
air conditioning progress during 1934 and 1935, the popu- 
larization of air conditioning, activities of various indus- 
try groups, certification and codes, comfort and health 
conditioning, technical considerations, apparatus develop- 
ments, and notes on applications. Much of the material 
has been abstracted from H. P. & A. C., and in a selected 
bibliography of some 46 articles from over a dozen 
sources are listed 14 articles which have appeared in 
H. P. & A. C. 

Prepared by W. F. Friend, assistant mechanical engi- 
neer, and Louis Elliott, consulting mechanical engineer, 
this 225 page report represents a real job of summariz- 
ing developments and trends in this active field. Un- 
fortunately, it is privately issued and copies are not 
generally available. 


Railroad Terminal Equips for Air Conditioning 


With demand for air conditioned passenger cars rap- 
idly increasing, the Washington Terminal Co. is provid- 
ed for the pre-cooling of cars in the Union depot at 
Washington, D. C., with a fleet of 21 portable generator 
sets to charge the batteries and serve as an auxiliary 
power supply while cars are at a standstill. The units 
are semi-automatic motor-generator sets consisting of an 
a-c squirrel cage motor direct connected to a low voltage 
d-c generator and the necessary control apparatus. Be- 
ing portable and designed for outdoor service, they are 
used either in the yards or on the station platform, and 
with an output of 300 amperes d-c at from 40 to 45 volts 
have capacity to serve two railway cars at the same time 


—H. S. Orwig.* 





*Harnischfeger Corp., Milwaukee, Wis. 






CCURATE estimate of the friction loss Reynolds **functions’”’ are not 


incidental to fluid flow pays good divi- 


dends in the design of power and indus- necessarily Reynolds numbers 


trial process piping. While rule-of-thumb 
methods, code rules, and handbook tables usually 

suffice for determining the pipe sizes of sanitary plumbing 
and building heating systems, such simple procedure may 
lead to serious error in process lines, power stations, oil 
refineries, gas and water distribution systems, and the 
like where upwards of a million dollars may be invested 
in the piping of a single job. Here the need for careful 
analysis of flow conditions, pressure drops and relative 
pumping costs in choosing the proper pipe size is para- 
mount. 

Many empirical formulas have been developed from 
the results of pressure drop tests made with different 
individual fluids which, on the whole, yielded better re- 
sults than the rule-of-thumb rules but still failed to apply 
for conditions much different from those obtaining on 
test. There are empirical formulas for steam flow, 
others for water flow, still others for gas flow, and in 
years past the calculation of oil flow was anybody's 
guess, depending upon his particular experience. 

The so-called rational method of determining pressure 
drop using Reynolds numbers which take into account 
the fluid characteristics of density and viscosity has been 
widely publicized in recent years. This method deals 
with properties common to any fluid and pipe line which 
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How to Use Reynolds Numbers 


in Piping Calculations 


By Max W. Benjamin* 


The “‘rational method” of calculating fluid flow 
problems is reviewed with an explanation of how 
different synthetic functions resembling genuine 
Reynolds numbers can be used to determine the 
friction coefficient {... Means are presented 
for finding out which function was used in any of 
the numerous articles on the subject. Brief analyses 
of several recent articles are given in order to reconcile 
the differences between them. Altention is called 
fo the danger of confusing synthetic Reynolds 


functions with the genuine Reynolds numbers, 


which are 


vary in degree rather than in nature so that pressure 
drop data acquired through flow tests with one fluid 
can be equally well applied to the flow of other fluids 
of known viscosity and density. In this method the 


properties of 
pipe diameter 


a Reynolds number. For each Reynolds number there 
is one coefficient of friction for a given pipe wall rough- 
ness irrespective of the nature of the fluid. This fric- 
tional coefficient is used in a formula of the usual type: 


kfLvy 
>=— 
D 
W here 
p is the friction loss 
k is a constant including 1/2g (g = gravitational accelera- 


tion) 


f is a factor determined by the Reynolds number of the 
fluid under the particular flow conditions 


Boiler feed valve 
nest, example of 
complex and ex- 
pensive piping 
system that justi- 
fies careful analy- 
sis to select the 
best pipe diameter 























truly dimensionless. 














fluid density and viscosity are related to 
and velocity of flow to yield what is called 


















64 
For viscous flow f = 
R 
for turbulent flow f = a + DR" 









*Engineer, The Detroit Edison Co., Detroit, 
Mich. 

tProfessor Reynolds gave the formula f aR® 
where a is a constant which depends upon dimen 
sions and » = 0.277. Tests made in the region 
of Reynolds numbers considerably higher than 
those used by Reynolds indicate that f a+ bR*® 
is a better statement of the relation between the 
coefficient of friction and Reynolds number 


















L is the length of pipe 

v is the average velocity of flow 

D is the inside diameter of the conduit 
y is the density of the fluid 


R is the Reynolds number 

The following discussion was undertaken as the result 
of study of several articles on the rational method in 
which it was observed that the various authors used dif- 
ferent coefficients of friction and different Reynolds val- 
ues in presenting what was supposed to be the same data. 

The application of Reynolds numbers to problems in 
fluid flow had its beginning as far back as 1850 when 
Stokes, in England, predicted that the coefficient of fric- 
tion in fluid flow depends on the diameter of line, the 
velocity of flow, and the density and viscosity of the 
fluid. This relation was rediscovered in 1883 by Os- 
borne Reynolds. In 1914 Stanton and Pannell pub- 
lished the results of a large number of tests which sub- 
stantiated Stokes’ prediction. 

Since publication of the data by Stanton and Pannell 
the calculation of fluid flow by use of the Reynolds num- 
ber has met with slowly increasing popularity until it 
is now quite widely accepted as the only available 
rational method of solving fluid flow problems. During 
the last eight or ten years numerous articles have ap- 
peared in technical magazines, bulletins, handbooks, and 
school texts presenting the rational method and data for 
its use in flow problems. While any one article may be 
understandable to a reader, the multiplicity of articles 
tends toward confusion because a number of authors 
have used different units and arrangements of terms in 
setting up substitute functions which actually are not 
Reynolds numbers. 

It is the purpose here to reconcile differences between 
some of these recent articles on fluid flow through :— 

(1) A brief discussion of the true Reynolds number ; 

(2) A discussion of synthetic functions proportional to 
Reynolds numbers ; 

(3) A presentation of tables of factors for converting syn- 
thetic Reynolds functions into the genuine numbers; and 

(4) By indicating where synthetic forms of Reynolds func- 
tion have been used by recent authors. 

The article concludes with the presentation of a 
method for determining which form of Reynolds func- 
tion was used by any particular writer, the correct fric- 
tion loss formula to be used with his coefficients of fric- 
tion, a reconciliation of some recent articles, and a few 


words of caution on the use of the “rational method.” 
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Reynolds Number Is Dimensionless 


In 1883 Professor Reynolds showed by the principles 
of dimensional homogeneity that the friction factor in all 
fluid flow problems must be a function of the pipe diam- 
eter (or hydraulic radius in non-circular conduits), the 
velocity of flow, and the density and viscosity of the 
fluid. His analysis further indicated that if the two sides 
of the fluid flow equation are to be dimensionally sim- 
ilar, the friction factor would have to be a pure number 
without dimension. The dimensionless grouping of the 
factors upon which the frictional coefficient depends is 

diameter x velocity « density. 





absolute viscosity 
Further, if this grouping is to result in a pure number, 
all the units used must belong to one consistent, homo- 
geneous system. 

If the English system of units is used all dimensions 
of length must be in feet or inches, all dimensions of 
time must be in the same units, i.e. seconds, minutes or 
hours, and all dimensions of weight must be in the same 
terms, 1.¢., pounds, ounces, poundals, etc. If feet, Ib, 
and seconds are the units chosen, a typical Reynolds 
grouping is 


: St x &. x ~ 

as diam. x velocity x density - set — pure number 
a? Sie 
SE pee 

If the metric system is used the factors involving 
length must all be in centimeters or meters, time factors 
must all be in the same units, and the units of weight 
must all be the same. If centimeters, grams, and sec- 
onds are used, the Reynolds grouping is 








abs. viscosity 





our BE 
R= Giam. x velocity x density — odie gec = __ pure number 


grees 
2 ; Sa sec 
Any other system of units can be used, provided that 


all expressions of length are consistent, all expressions 
of time are consistent and all expressions of mass are 
consistent. For various reasons as explained below it 
is sometimes convenient to use units in a Reynolds 
group which are not consistent, especially when working 
in the English system. 


abs. viscosity 


Reynolds “Functions” 


In this article any grouping of units which is propor 
tional to the Reynolds number but which consists of 
units that are not consistent and/or 


£ RN 


homogeneous will be called a Reyn 
olds function. 

There are a number of Reynolds 
functions which are used as a matter 
In the English sys 
tem the diameter may be expressed in 
inches, where the consistent unit 
would be feet. Specific gravity 01 
specific volume may be substituted for 


of convenience. 


density. There is no accepted nam 
for the unit 0! 

Superheated steam absolute — 
piping which was ity in the Englis 
thoroughly checked system and man\ 


for pressure loss be- 
fore 16 in. diameter 
was decided upon 


viscosity data ar 
available i 
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terms of the metric centipoise. The desire for con- 
venience has led to a number of forms of the Reynolds 
function, among which the following may be noted as 
common ones for use when the absolute viscosity is 
available. 

Dvy Dv DvS W_  Qy 


a 2° ae 
where 

D = inside diameter l’ = specific volume 
v — velocity S = specific gravity 
y = density W = |b per hour 


Z = absolute viscosity QO = gallons per minute 


Other arrangements of terms could be made and will 
occur to the reader. 

The measurement of absolute viscosity is a rather dif- 
ficult laboratory process and numerous viscosity data 
have been determined and reported on the basis of meas- 
urements made with the Saybolt, Engler, or other vis- 
cosimeter which measures kinematic viscosity. Kine- 
matic viscosity is the absolute viscosity divided by the 
density and in the viscosimeters just referred to is a 
function of the time required for a specified volume of 
fluid at a specified temperature to flow through an orifice 
in the bottom of the instrument. If K be used to repre- 
sent kinematic viscosity, it is evident, by definition, that 
K = Z/y. It is at once apparent that a group of Rey- 
nolds functions based on kinematic viscosity will result 
from substitution of K for Z/y in the Reynolds func- 
tions already discussed. 


Thus Dvy Dv 
PS ee 
4 K 
Dv Dv 
° ——-—( eS 
ZV K 
Dus Di 
SS en 
Z K 
Oy Q 
aT pn 
ZD DK 


From the fact that so many different arrangements of 
terms and units of measurement may be used in deter- 
mining the same factor f for use in the fluid flow formula 
it follows that all of these different functions must bear 
certain definite relations to each other. In order to es- 
tablish these relationships, conversion factors for units 
used in the Reynolds function are present here. 


Converting Functions to Reynolds Numbers 


The factors which appear in the Reynolds function 
are mass, length, time, and viscosity, which is a function 
of the other three. The following conversion factors 
ipply : 

MASS 
1 Ib force 


oO mass = 453.51 grams — — 
32.174 ft per sec* 








slug = 32.174 Ib mass 
lb force = 32.174 poundals = (1 Ib mass) (32.174 ft per sec’) 
kilogram = 1000 grams = 2.205 Ib mass 


dyne = (1 gram mass) (1 cm per sec’) 
1 
= ————— gram force 
980.665 
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LENGTH 
1 sq ft 
1 sq cm = 0.001076 sq ft 


1 foot = 30.48 cm 
lcm = 0.03281 ft 


= 929.04 sq cm 


1 cu ft = 28,316.8 cu cm 
1 cu cm = 0.00003531 cu ft 
TIME 


The unit of time which is used almost universally is the second. 
VISCOSITY 


1 poise = 100 centipoises 
1 dyne sec 1 kg force sec 
sq cm 98.07 sq m 


1 gram mass lb mass 
= ——__.___— = 0,0672 - 
cm sec ft sec 
poundal sec 
= 0.0672 ——__- 
sq ft 
lb force sec 
=— 0.00209 ——_————_ 
sq ft 
Che unit of kinematic viscosity has no name in either 
the metric or English system but is measured as follows: 
absolute viscosity 
kinematic viscosity = ————— 
density 
poises X cu cm 
=-_-_— = sq cm per sec 


grams 
centipoises X cu cm 
100 kinematic viscosity = - ~ = 100 sq cm 
grams per sec 
lb mass X cu ft 
kinematic viscosity = —-— sq ft per sec 
ft sec X Ib 
1 sq cm per sec = 0.001076 sq It per sec 
1 sq ft per sec = 929.04 sq cm per sec 
1 
Since the centipoise is —— of a poise, 
100 
1 sq ft per sec = 92,904 times the kinematic viscosity based 


on centipoises. 

These conversion factors permit the development of 
coefficients for converting any of the Reynolds functions 
to the real Reynolds number. 

The Reynolds functions indicated in Table 1 multi- 
plied by the coefficients given in the body of the table 
will equal the real Reynolds number. 


Table 1—Factors for Converting Reynolds Functions to 
Reynolds Numbers 
Reynolds function Dvy dvy dt dvS Os Oy u 
involving absolute Z 7 12 7 a az rT; 
viscosity MULTIPLYING FACTORS 


Absolute viscosity 
in 1488 124 124 7742 3162 50.7 6.32 
centipoises { 


Absolute viscosity | 


in ( 1 0.0883 0.0883 5.2083 2.125 0.0841 0.00425 
Ib mass/ft sec 
Reynolds function Dz di Q 
oe K K Kd 
-matic viscosity TT TAO CC a . 
— — MULTIPLYING FACTORS 
Kinematic viscosity ) 
in 92,904 7742 8162 
100 sq cm per sec f 
Kinematic viscosity } 
in 1 0.0833 0.0340 
sq ft per sec { 
D = inside diameter in feet; d inside diameter in inches; ¢ 
velocity in feet per second; y density in lb per cu ft; V specific 


volume in cu ft per Ib; Z absolute viscosity; K kinematic viscosity; 
§ specific gravity; Q flow in U.S. gallons per minute; W flow 


in lb per hr. 








wn 
nh 
to 


Identifying Reynolds Functions 


In any article on the application of Reynolds func- 
tions to fluid flow problems in which the author presents 
a plot of friction factors against Reynolds functions it 





Fig. 1 


The Reynolds number at the lower critical 
velocity is well established at about 1200, as shown. 
Any other value indicates some function proportional 


to, but not equal to, the Reynolds number 


is possible to identify the author’s arrangement of fac- 
tors and units used in the Reynolds function by noting 
the value of the function at the lower critical velocity, 
and referring to the tables given below. The Reynolds 
number at the lower critical velocity is well established 
at about 1200. Any other value indicates some function 
proportional to, but not equal to, the Reynolds number. 
This condition is indicated in Fig. 1. 


Identifying the Proper Friction Loss Formula 


The value of the friction factor f at the lower critical 
velocity is useful in determining the correct friction loss 
formula to be used with any particular Reynolds plot. 

Some plots of f against the Reynolds function show 
much larger f values than other plots. At the lower 
critical velocity (Reynolds number = 1200) the value 
of f should be either 0.054 or 0.0135. It will be noted 
that the first value is just four times the second one, 
and the reason for the difference is that the friction loss 
formula given in the third paragraph of this article 
actually is developed from the hydraulic radius instead 
of diameter as shown. For circular sections, the 
hydraulic radius is D/4 and some authors include 
the 4 in the constant k while combine it 
with the value of f. It is imperative, therefore, that one 
make sure of the basis of friction loss formula he is 
using before accepting the f values shown on a particular 


others 


Reynolds plot; otherwise the answer may be either four 
times too large or four times too small. Seven formulas 
are given below for each of the two friction factors at 
the lower critical velocity. The different formulas are 
presented for the convenient use of whatever data are 
available in any particular problem; the differences in 
these data will be evident from inspection of the for- 
mulas. 
Recent Articles Compared 


The “rational method” of handling fluid flow prob- 
lems has been developed herein to a point where it is 
now possible to analyze any particular presentation of 
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the subject and to know just what the author was 
doing. Such analyses have been made of several recent 
articles and are reported as follows. 

Popular acceptance of the rational method followed 
the publication of an article by Wilson, McAdams, and 


Seltzer’. Their work involved a hybrid Reynolds func- 
tion using diameter in inches, velocity in feet per second, 
viscosity in centipoises, and specific gravity. According 
to Table 2 this combination would have a value of 0.155 
at the lower critical velocity. A check of the Reynolds 
plot which they presented shows this same value. Their 
friction factor at this point is about 0.013 and the for- 
0.323 fLSv? 
mula they used is p = - which checks with 
d 
the data given in Table 4. 

In the “Piping Handbook,” Walker and Crocker have 
followed the system used by Wilson, McAdams, and 
Seltzer. Their Reynolds plot, however, has abscissa 
scales for five different Reynolds functions, all of which 
are correct. The friction factors should be used with 
the left column of formulas in Table 4. 

Emory Kemler has studied the results of some 10,000 
to 12,000 tests in the light of the Reynolds number. 
This study was reported in the A. S. M. E. Transactions 
for 1933 (HYD-55-2). All of this work was done on 
the basis of consistent English units having a Reynolds 
number of 1200 and friction factor 0.054 at the lower 
critical velocity. Subsequent articles by Kemler in 
HEATING, PIPING AND AIR CONDITIONING beginning in 
October, 1933, also are based on consistent English 
units. Discussions of Kemler’s paper by Rhodes and 
others, also published in the A. S. M. E. Transactions 
HYD-55-2 point out the possibilities of confusion which 
exist among the many articles on the use of Reynolds 
numbers. 

In Mechanical Engineering, August, 1933, R. J. S. 
Pigott presented an attempt to correct for the roughness 
of closed conduits. His data are taken largely from 
Kemler’s work and are, therefore, based on consistent 
English units. 

“Heat-Power Engineering” (Part III) by Barnard, 
Ellenwood and Hirshfeld contains a good presentation 
of the rational method based on consistent English units. 
A recent publication? entitled “Engineering Data on 
Flow of Fluids in Pipes and Heat Transmission” pre- 
sents an abbreviated version of the discussion given in 
“Heat-Power Engineering.” It is, of course, based on 
consistent English units with Reynolds number 1200 
and friction factor 0.054 at the lower critical velocity. 

In HEATING, PIPING AND AIR CONDITIONING, Jan- 
uary, 1935, in “Design of Modern Industrial Piping 
Systems,” by F. L. Snyder, a group of nomographs for 
solving fluid flow problems was presented. They are 
based upon a Reynolds function m/ZD in which m is 
the weight of flow in thousands of pounds per hour, 7 
is the absolute viscosity in centipoises and D is the diam 
eter in inches. A mis-statement appears in the last 
paragraph of the first page; t.c., f= m/ZD. The factor 
f is a function of m/ZD which actually decreases in 
value as m/ZD increases; it is not equal to m/ZD. In 
a number of cases tried by the present writer thes: 
nomographs give values abcut 40 per cent greater than 


See Journal of Industrial and Engineering Chemistry, February. 1922 
*Published by Crane Co., 1935. 
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those calculated for clean steel pipe from the 
pressure drop formulas using friction factors 
corresponding to the Reynolds number for the 
particular flow conditions. 

Forrest M. Towl has written a book called 
“f, The Pipe Line Flow Factor” in which he 
disputes the idea that the term y/Z in the 
Reynolds number has any bearing on the value 
of f. He contends that f varies only with the 
product of velocity and diameter, and proceeds 
to develop his analysis on the basis of the 
steady flow of water through a circular pipe 
one foot in diameter. At the end, however, he 
says that for fluids other than water, a correc- 
tion must be made for the change in kinematic 
viscosity. 


Using the Rational Method of Calculation 


The wide range of possible presentations of 
the rational method has been indicated in this 
article. When properly interpreted and applied 
any of the presentations discussed herein will 
produce the same answer for pressure drop. It 
is advisable, however, to select the method pro- 
posed by one author and abide by it. Data 
from other sources should not be used unless 
their units are consistent with the units of the 
presentation which is being followed. 

The rational method is, perhaps, the most 
satisfactory way of calculating pressure drops 
in fluid flow problems. Its superiority depends 
upon careful use, however, and the danger of 
making serious errors is great if one scrambles 
the data from different sources without check- 
ing the units 
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Table 2 


VALUE O1 TERMS 
REYNOLDS ARRANGE 
Function Dord v y Z MENT 
1200 ft ft per sec lb per cu ft Ib mass pet Dvy 
it sec 
1200 em cm per sec grams per grams per dvy 
cu cm cm sec - 
Zz 
1200 Any homogeneous system of units Dvy 
Z 
0.806 ft it per sec Ib per cu ft centipoises Dey 
9.68 inches ft per sec lb per cu ft centipoises dvy 
9.68 inches it per sec 1 l centipoises di 
cu ft per Ib I ZV 
0.155 inches ft per sec sp gravity S centipoises dv§ 
0.379 inches U.S gpm Q sp gravity S centipoises Qs 
td 
23.65 inches U.S. gpm Q Ib per cu ft centipoises Oy 
d 
189.8 inches lb per hour Ww centipoises H 
rd 
14,400 inches it per sec lb per cu ft Ib mass per dvy 
ft sex 
1 j Ib mass per di 
14,400 inches ft per sec ft sec 
cu ft per Ib I ZI 
230.5 inches ft per sec sp gravity .) lb mass per dvs 
ft sec ” - 
Z 
564 inches U.S. gpm O sp gravity S lb mass per Qs 
tt sec = ¢ 
Za 
35,200 inches U.S. gpm Q Ib per cu ft Ib mass per Uy 
it sex Zd 
282,000 inches Ib per hr Ww Ih mass per W 
it sec » 
; Zd 


Table 3 


VALUE oO} 


TeRMS 
REYNOLDS 
Function Dord ? Qg 
1200 ft ft per sec 
14,400 inches ft per sec 
0.0129 ft ft per sec 
0.1550 inches ft per sec 
35,200 inches U.S. gpm 
0.379 inches U.S. gpm 


Table 4—Friction Loss Formulas 
VaLue or f at LoweER 
CRITICAL VELOCITY 0.0135 
0.005176 fLwv*y 
Pressure loss formulas p 
d 
p pressure loss, Ib pet 0.005176 fle 
sq In 
Vd 
f friction factor from 0.323 fLsv* 
Reynolds plot 
= i d 
I length of pipe, ft 0.0538 {LSQ2 
d inside diameter of 
pipe, inches da 


I : 0.0008638 fL yQ? 
velocity in ft per 
sec d® 


Q flow in U.S. gpm 0.00001343 fLVUH" 
W flow in Ib per hr as 
y density in Ib per 0.00001343 /LIW? 


cu ft 


sp. vol., cu ft per Ih yd® 








hm 


‘ 


Values of Reynolds Functions Involving Absolute 
Viscosity at Lower Critical Velocity 


Value of Reynolds Functions Involving Kinematic 
Viscosity at Lower Critical Velocity 


ARRANGE 
K MENT 
sq ft per Dr 
an K 
sq ft per dt 
sec kK 
100 sq cm Di 
per sec K 
100 sq cm di 
per sec } 
sq it per Vv 
— di 
100 sq cm UV 
per sec ar 
dk 
0.054 


0.001204 fLew*y 


d 
0.001294 fL x 
Vd 
0.08075 fiSv® 
d 
0.01345 fLSQ* 
d® 
0.0002159 fLyQ" 
d® 
0.00000836 {LV U 
d® 
0.00000886 f/LIV? 


yd® 











N the spring of 1933 the Oklahoma Gas and Elec- 
tric Co, installed an air conditioning system in the 
“Electrical Bungalow,” which is located in the base- 
ment of the company’s main office building in Oklahoma 
City. It created so much public interest and proved to 
be so comfortable that it was decided to plan for the 
ultimate air conditioning of the entire building. First 
unit of this plan, consisting of the first (main) floor, 
the fifth floor and part of the second floor, was completed 
during the following spring. This installation and its 
operation is interesting in several respects, and employs 
a method of compensated effective temperature control. 


Two 28 Ton Ammonia Compressors 


Because it was impossible to find room in the building 
for vertical duct risers, and as it was also found im- 
practicable to run “Freon” lines to the different units 
serving the building, an indirect system was used. The 
refrigeration equipment is located in the machinery room 
in the sub-basement and consists of two 28 ton recipro- 
cating ammonia compressors, two horizontal shell and 
tube condensers and a horizontal receiver. The refriger- 
ant is expanded in a horizontal shell and tube chiller, 
through which the secondary refrigerant (water) is 
circulated by two 105 gpm turbine pumps. The chiller 
has a capacity of 125 tons, adequate to supply the future 
demands of the entire building. 

The chilled water flows from the chiller to two 1100 
gallon storage tanks, used during the summer cycle only, 
their purpose being to eliminate too frequent cycling of 
the compressors and to insure continuous flow of cold 
water to the units through possible short shut-downs. 

The compressors are controlled by two immersion 
thermostats placed in the chilled water line, one of which 
is set 5 F above the other. As the water temperature 
rises above the setting of the first thermostat, one com- 
pressor is brought into operation. Should the water 
temperature continue to rise and reach the setting of the 
second thermostat, the other compressor is started. The 
compressors will cut out in reverse order as the water 
temperature is lowered. Limits of the water tempera- 
tures are 44 F high and 35 F low. 

Condensing water is cooled by means of a 300 gpm 
atmospheric spray type cooling tower on the roof of the 
building, the pipe lines to the tower being designed for 
the ultimate capacity of the plant. The city water is 
so hard that it was found to be profitable to run all make- 
up water for the cooling system through a water softener 
before entering the system. 

The original heating system was a two pipe steam 
job with cast iron radiation. Installation of the present 
system eliminated the radiators and the space is con- 
ditioned in winter by circulation of hot water (provided 
by an instantaneous heater supplied with steam from the 
present boiler) through the same pipes and coils used 
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during the summer cycle. Water temperature varies be- 


tween 112 and 100 F. 


Conditioning the Main Floor 


The first floor consists, principally, of one main room 
and an elevator lobby. The former is highly decorated 
and consequently it would be impossible to install ducts 
to distribute conditioned air. It was, therefore, neces- 
sary to install four separate units: 

A 10 ton unit mounted on top of the vestibule to the main 
entrance of the floor at the northeast corner of the building, 
concealed by extending the vestibule walls higher. 

A 14 ton unit suspended over the driveway at the west 
end of the building, connected with duct work to grilles in 
the west wall. 

The south part of the space is conditioned by two 5 ton 
units, one enclosed over the ladies’ rest room, and the other 
suspended above the hallway leading to the only totally en- 
closed office on the floor. 


The air is distributed from these units through high 
velocity diffuser type grilles, and the returns are taken 
from the floor below the units. Fresh air is supplied to 
the space through the two large units on the east and 
west walls, the units on the south handling recirculated 
air only. The longest blow used on this floor is 85 ft. 

The first floor is divided into two main control zones 
divided by an imaginary line running from the south- 
west to the northeast corner. 


Three Zones for Fifth Floor 


The fifth floor is supplied with conditioned air from a 
centrally placed fan room, with the upper part of the 
corridor used for main supply ducts and the main part of 
the corridor as a return. The return from individual 
offices is emptied into the corridor through dampered 
grilles in the doors. The floor is divided into three 
zones (north, east and south) and each zone is supplied 
from a separate unit through a separate duct system. All 
units are in the fan room and stacked on top of each 
other to conserve space and simplify piping. Each con- 
sists of a set of motor driven blowers, finned tube coils 
through which cold water is circulated in summer and 
hot water in winter, filters, bypass and face dampers, 
spray humidifiers for winter, and eliminator plates. 

All branch ducts entering offices are disguised as 
beams and furred in with lath and plaster. The ceiling 


Top, left to right—Fifth floor fan room showing the three units 
for the three zones stacked on top of each other to save space 
and simplify the piping ...... - Main floor with 10 ton unit 
concealed over entrance ..... Center, left to right—Comfort 
chart showing conditions maintained in summer... . . Main 
office building of Oklahoma Gas and Electric Co... . . Com- 
parison of theoretical and actual indoor effective temperatures 
maintained by the control system .... . Bottom, left to right 

Chiller, pumps, storage tanks and other equipment in sub-base- 
are Ammonia compressors and the main control board 


Air Conditioning 
Modernizes Office Building 
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Realizing the advantages of air conditioning, the method of effective temperature control which 
Oklahoma Gas and Electric Co. made plans compensates for changes in the outdoor weather 


ultimately to condition its entire main office ..++++How air conditioning equipment may be 


building: first unit of the plan is described here adapted to an existing building is also told 


ign Engineer, Oklahoma Gas and Electric Co., Oklahoma City, Okla. 
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No definite data on the effect of air conditioning on 
the efficiency of employees are available, except for state- 
ments from the employees themselves. 

It was felt that possibly employees who had been work- 
ing in an air conditioned room all day would suffer more 
from. the heat when they left in the afternoon, than if 


they had not been subject to air conditioning. However, 
statements made by all employees are that, due to having 
been comfortable all day long, they are not fagged out 
when leaving the office in the evening and are in a bet- 
ter position to stand the heat the remainder of the day, 
than they were before the office was air conditioned. 

It is felt that the efficiency of employees working on 
the air conditioned floors has increased materially; par- 
ticularly, employees who deal with the public constantly 
are in a much better frame of mind to do so during the 
hot weather. However, it has not been attempted to deter- 
mine scientifically how much the efficiency of the personnel 
on the air conditioned floors has increased. 

Absences due to illness have decreased on the air 
conditioned floors, particularly so in the winter time; 
however, in this case also it is impossible to say just 


how much—S. L. Rolland. 





in the corridor was lowered to conceal the main supply 
ducts. All units are provided with a common return 
and common fresh air supply. 

Fresh air is provided through a louvered opening in 
the outside wall of the fan room and is mixed with the 
return air before entering the units, and the fan room 
also has an opening to exhaust return air. Both open- 
ings are sized so that quantities of fresh air, up to the 
full capacity of the ventilating plant, may be brought in 
and circulated through the floor and exhausted. 

It was believed, and later verified by actual operation, 
that the outside air will be of such a quality for consider- 
ble periods of time that it may be used without either 
cooling or heating. The limits for this interval were 
established by experience, and controls set either to cut 
off the heating or the refrigeration as soon as either the 
upper or lower limit was reached, open the fresh air and 
exhaust dampers and close the recirculating damper. 


Control Balances Indoor With Outdoor Conditions 


It was realized that the control system plays a very 
important part in an air conditioning installation, both 
in comfort and economy of operation. A compensated 
effective temperature control type of system is used 
throughout, as it was felt that this system takes into 
consideration the proper relation between outside and in- 
side temperatures and relative humidity, presuming a 
fixed air movement in the room. This is accomplished 
by the use of an outdoor temperature compensator, an 
inside relative humidity compensator, and an inside ther- 
mostat, the resultant of which, in turn, modulates face 
and bypass dampers in the units. Each of the five zones 
in the building has a complete control system. 

No attempt is made to control the relative humidity 
at a fixed point in the summer, as long as it remains 
below a predetermined maximum value ; thus, advantage 
may be taken of the many hot, dry days when the hu- 
midity is so low that only sensible cooling is required, 
and even then quite often only to a point which produces 
a predetermined effective temperature at a higher drv 
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bulb temperature, thereby promoting maximum operat- 
ing economy. 

During cool, damp weather the relative humidity is 
permitted to rise as high as 60 per cent, but the dry bulb 
temperature is automatically controlled at a relatively 
lower point, thereby maintaining comfort conditions with 
a minimum removal of latent heat in order again to insure 
economic operation. 

The accompanying chart shows the zone within which 
it was found necessary to operate to insure comfort. The 
limits of this comfort zone were established by experience, 
and it was found that any divergence beyond them would 
immediately result in complaints from the occupants. The 
schedule finally adopted for summer operation is: 


OvurTpoor 
TEMPFRATURE, F 


Inpoor EFrectiv: 
TEMPERATURE, F 


i eee 6 as Genes habe Sou - ahh os wkteteaeke 70.5 
nt seta setae Ut da: chan bee ke eae eene te 71.0 
TP \wepandebdébv cd 2d00d 08d aoe ne cow ees 71.5 
PE rower eae i tees dads wastlenehetsende 72.0 
05 . kdteewd ts GUM SREOOSS CRE See terserans 72.5 
tn vend daddaed nxtwkd aa eee $0 00eeenneos 48 73.0 
105 Fidbar wns 04 Sb~n ee pe bGne ee canes eeeves 73.5 


Indoor dry bulb temperatures are limited to 75 F low 
and 82 F high, and the indoor relative humidities to 30 
per cent low and 60 per cent high. 

The graph illustrates the accuracy to which the inside 
effective temperatures were held on one typical day taken 
at random from the charts for one of the zones. The 
solid line represents the theoretically correct inside ef- 
fective temperatures and the broken line the actual inside 
effective temperatures. 

Should the relative humidity ever exceed 60 per cent 
on the inside without the necessity to remove sensible 
heat, an auxiliary switch in the relative humidity com- 
pensator permits a reduced quantity of air to pass 
through the coils, removing a maximum amount of mois- 
ture with a minimum of sensible cooling. 

In winter the dry bulb temperature is controlled by 
modulating face and bypass dampers in front of the coils, 
as called for by the thermostats in the respective zones. 
A fixed temperature is maintained during the winter, and 
the relative humidity is also maintained at a fixed point 
during the winter cycle by means of spray nozzles in 
the units controlled by humidity controllers in the re- 
spective zones. 

Recording charts showing inside relative humidity and 
inside dry bulb temperature are placed at representative 
points in each zone and a continuous record is kept dur- 
ing the year. A recording instrument on the roof of the 
building keeps continuous records of outside dry bulb 
temperature and relative humidity. We do not consider 
this advisable for the average installation, but felt the 
importance of keeping these data, as well as a careful 
record of complaints, comments and all circumstances 
which might influence such complaints. 

The Tom Dolan Heating Co. was the contractor. 


Design Conditions: Summer Winter 
Outside Inside Outside Inside 

Dry Bulb Temperature, F...... 95 80 5 70 

Wet Bulb Temperature, F...... 77 67 

Relative Humidity, Per cent.... 44 50 

SR, ME kc neu As ches Vaden sewe 18,895 20,860 

er ee eer 254,700 279,200 


(Elevator lobbies included in winter, omitted in summer) 


Total Load First = eer 277,110 326,500 
Second floor ....... 36,440 50,400 
Fifth floor . 248,525 250,000 


562.075 Btu’s 46.8 Tons 626,900 Btu 
(Occupancy of 120 people and 26.6 kw lighting load neglected) 












Method of Steam Jacketing Piping 


for Handling Heavy Oil, ‘Tar 


HEN heavy or viscous fluids are to be trans- 

ported through piping installed in unprotected 

places or affected by low temperatures, provi- 
sion must be made for the application of heat to keep the 
material sufficiently fluid to permit pumping. The 
sketches show how this problem was handled in connec- 
tion with a piping system for conveying heavy road oils 
and tar. 

This particular line is installed outside a building and 
is used for loading purposes. The 2% in. piping con- 
ducting the fluid is jacketed by means of a 4 in. pipe 
envelope, the annular space between the 2% and 4 in. 
pipe providing a steam jacket. Steam is admitted at one 
terminal end through a 1% in. welded connection, and 
steam cross-over connections are provided between the 
various sections of the piping system, terminating in a 
1144 in. condensate drain connection at the end of the 
pipe line. 

In the steam connections, the outlet is taken from the 
bottom at each section and carried over to the top of the 
next section. Each of the 1% in. cross-over steam 
connections has a 1% x % x 1% in. tee at the bottom, or 
low point, and % in. drain valves are installed to per- 
mit complete drainage of all condensate when closing 
down, and particularly to prevent water hammer when 
starting up, or freezing during a shut-down in cold 
weather. 


"Engineer, Crane Co., Cincinnati, Ohio. 
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Steam-jacketed piping for heavy road oils 





By G. W. Hauck* 


For comparatively short lines, it is satisfactory to pro- 
vide the cross-over connections for a continuous flow 
from steam inlet at one end to condensate outlet at the 
other end; in this arrangement, the condensate is carried 
through from one section to another because of the pres- 
sure of the steam. However, for long lines it would be 
advisable to install a separate condensate line paralleling 
the jacketed line to which each jacketed section could be 
individually connected. 

For occasional cleaning and inspection, rapid and easy 
removal and re-assembly of the piping sections was de- 
sirable; hence, flanged fittings were used at all turns in 
the 2% in. line. The union elbows in the 1% in. cross- 
over connections likewise make for easy separation of 
the sections. 

A detail of the construction of the end joints is shown. 
The 4 in. pipe was rolled down and welded to the 2% 
in. immediately adjacent to the flanges. The welding 
was continued beyond the point of contact between the 
4 and 2% in. pipe to provide back welding of the forged 
steel flanges used on the 2% in. inner pipe. All 1% 
in. connections for cross-overs were made by welding 
in 1% in. extra heavy couplings. 

This line has been in service for, over a year, and 
has proved entirely satisfactory for the purpose. 


Metallic Pipe Insulation 


ESTS on metallic heat insulation as pipe covering 
described by J. T. Nichols* indicate a coefficient 
of 0.26 Btu per hr per F per sq ft per in., as shown 
in the table. The testing method consisted of heating a 
length of insulated pipe with three separate sectional 
electric heaters provided with control rheostats for equal- 
izing the temperatures at various points on the pipe sur- 
face. After equilibrium was reached the electrical input 
to the center section, the pipe surface temperature, and 
insulation surface temperature were read, from which 
the heat conductivity of the insulation was determined. 
In the tests described a 10 in. pipe 5 ft long was used, 
the actual test section in the center being 2 ft in length. 
Thus the guarded zone principle was used, input to the 
three sections being balanced and equalized, but only 
the data for the 2 ft center section used to calculate con- 
ductivity of the covering. 


Tests on Metallic Insulation for 10 In. Pipe 


TEMPERATURES Coerr, Bru Per 


Pire Tem- AT OUTER INPUT TO He Per F 
PERATURE SuRFACE OF 2FrLenctu, per SoFr 
INSULATION F INSULATION, F Warts per In. 
4 sheet steel 
%-in, spaces ..... , 485 147 167 0.26 
4 sheet steel 
H%-in. spaces ........ 475 161 172 0.26 


*Of American Sheet and Tin Plate Co., Pittsburgh, Pa., in a paper con- 
tributed for presentation at a meeting of the metropolitan section of 7 he 
American Society of Mechanical Engineers, New York, N. Y. 























A Problem in 
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Shooting 





= By William Goodman* 





EARLY every heating man has had forcibly 
borne home to him at one time or another the 
operating troubles which can arise from obscure 

and often insignificant causes. Such a difficulty occurred 
in a motion picture theater. From the first day the heat- 
ing plant was started, the boiler lost water under certain 
operating conditions. Although a number of remedies 
were tried, the condition had never been completely cured. 


The System 


The auditorium is heated by means of furnaces. A 
50,000 cfm supply fan withdraws air from a plenum 
chamber, Fig. 1, which extends under the entire main 
floor of the auditorium. Floor mushrooms allow return 
air to flow from the auditorium into the plenum chamber 
and thence back to the supply fan. This fan can take 
all its air from outdoors, but in actual operation only a 
small quantity of outdoor air is used. 

The air is heated by furnaces on the discharge side of 
the fan, after which it is discharged into two sheet metal 
ducts in the return air plenum chamber, which are of 
course, sealed off from the chamber. The ducts deliver 
the air to the auditorium through mushrooms in the floor 
directly above. The exhaust mushrooms are of course 
at some distance from those for supplying air, and are 
located along the rear and side walls of the auditorium. 
Since practically the entire air supply is recirculated 
through the exhaust mushrooms and pulled back to the 
supply fan through the plenum chamber, there is a notice- 
able air movement throughout the chamber. 

Steam radiators, Fig. 2, around the outer walls of the 
auditorium, and in the lobby, lounges and rest rooms are 
supplied by a coal-fired, low pressure steel boiler in the 
basement under the stage, and the supply and return 
mains for the auditorium and lobby radiators are in the 
plenum chamber. 

The major part of the radiator heating system is two 
pipe gravity with a dry return. All of the return mains 
are under full steam pressure. Connections to three 
steam mains are taken from the boiler header to supply 
radiators in the following locations: 

1. One steam supply main for the radiators in the auditorium, 
lobby, lounges, etc. This is a two pipe system. 

2. One steam supply main for radiators in the dressing room 
section at one end of the stage. This is a one pipe system. 

3. One steam supply main for the wall radiation on the rear 
wall of the stage. This is a two pipe system. 

The returns from each of these three sections are sepa- 
rately connected into the boiler return header below the 
water line. They are therefore sealed off from each other 
and there.is no possibility of steam from one return back- 
ing up into the other. 


The Trouble 


Arriving at the theater one cold afternoon during a 
matinee, we had a demonstration staged by opening the 


*Engineer, The Trane Co., La Crosse, Wis. 





Heating plant operating difficulties frequently arise 
from obscure, hard-to-locate causes, demand skill and 
ingenuity of the “‘trouble-shooter”’, Such a trouble 
job occurred in a theater, where the boiler 
losi water under certain operating conditions...... 
Before turning to the answer in the back section, the 


reader may wish to test his “‘trouble-shooting”’ skill. 


draft dampers and firing sufficient coal to build up the 
pressure. Sure enough, as the pressure rose, the water 
level in the gauge glass fell. At about 6 lb pressure, the 
water completely disappeared from the bottom of the 
gauge glass. The fire was checked and the pressure al- 
lowed to drop. As the pressure fell, the water slowly re- 
appeared in the gauge glass until at about /% lb pressure, 
it again stood at normal. 


The First Analysis 


While the boiler pressure was rising, the water level 
in the gauge glass first dropped quickly, then very slowly, 
which seemed to indicate that the water at first backed 
into the return mains until it was stopped by the check 
valves in the return branch from each radiator. After 
that, the steam condensing in the radiators was unable to 
flow out because boiler pressure against the water in the 
return mains kept the flaps of the check valves closed. As 
a result, sufficient boiler water accumulated in the radia- 
tors so that by the time the boiler pressure reached about 
6 lb the water line in the boiler gauge glass completely 
disappeared. If this analysis were correct, the lower 
radiators should be water-logged. There would, of course, 
be no water in those on the higher levels, since the water 
could drain from them against the boiler pressure. 


The Test 


To test this reasoning the fireman was instructed to 
fire the boiler again and carry as much pressure as pos- 
sible without the water line completely leaving the gauge 
glass. At about 5 lb pressure, the water level stood about 
Y% in. above the bottom of the gauge glass. Leaving the 
boiler in the care of the fireman, we started out to see if 
the lower radiators were waterlogged. The first tried 
was a radiator on the rear wall of the stage with its 
bottom about 6 in. above the floor. We backed the radi- 
ator air vent out a few turns when a hiss of steam warned 
that here was no radiator with water in it, but one with 
steam under pressure. This did not look promising; w« 
had made up our minds that the lowest radiators should 
be water-logged and here was one functioning normally. 

Next we tried the radiator in the stage manager’s office, 
also on the stage level, fed by the steam main supplying 
the dressing rooms above, not the same one which sup- 
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plies the radiators on the rear stage wall. Upon attempt- 
ing to remove the air vent, we were again greeted by 
escaping steam. Both of these radiators are less than 9 
ft above the boiler line. With 6 lb pressure in the boiler, 
the water could back up to a height of 14 ft above the 
boiler water line if there were no pressure in the radiators. 

We now turned to the lobby radiators, without much 
hope. The lobby floor is about 2 ft higher than the 
stage level. As no water was found in the stage radia- 
tors, it seemed hardly possible that water would be found 
in the lobby radiators. Yet the water must be in the sys- 
tem and it did not seem possible that it could back into 





Fig. 1—Plan of stage basement 
and auditorium plenum chamber 


Fig. 2—Diagram of steam mains, 
returns and radiator connections 


the return piping without a good deal of condensed steam 
being held back in the radiators. Upon backing off the 
air vent of one of the lobby radiators, a trickle of water 
appeared. 

This was gratifying but puzzling. How was it possible 
for the lobby radiators to be flooded and not those on the 
stage ? 

There was only one possible answer—that water was 
backing up only in the one return line which drained the 
lobby and auditorium radiators, while the remaining two 
steam mains and their returns functioned normally. 
Whether or not this surmise was correct could be deter- 
mined in the boiler room, since there is a large float type 
air vent at the end of each one of the three return mains, 
just at the point where they drop below the water line 
and into the return header. These air vents offered a 
perfect means of checking the possibility that only the 
dry return main from the lobby and auditorium radiators 
was flooded while the remaining two were dry. If the 
two return lines from the stage and dressing room were 
not flooded, steam should escape when the air vents were 
backed out. 

Returning to the boiler room we slowly unscrewed the 
air vent on the return line from the stage wall radiators. 
Sure enough, steam started to blow and the vent was 
hastily turned back into place. Unscrewing the vent on 
the return line from the dressing room yielded the same 
result, but on trying the air vent on the return line from 
the lobby and auditorium radiators, water squirted in all 
d'rections. It was now evident that water was backing 
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up only in the return main from the lobby and auditorium 
radiators. 

The return piping was carefully scrutinized to deter- 
mine why the water should back up in the auditorium 
return main alone and not in the other two. The return 
connections from the three portions of the heating sys- 
tem were as identical as it was possible to make them. 
While some of the connections were not in accordance 
with the best practice, we did not find any which might 
be suspected of causing trouble. Attention was next 
turned to the connections at the radiators and there also 
we found nothing to suspect. 

Nothing was left but to crawl into the plenum chamber 
below the auditorium floor and check all the return mains 
running through the chamber. After first instructing the 
fireman to allow the boiler pressure to drop, we entered 
the plenum chamber. 

All of the lobby and auditorium radiators connect into 
the return main through a water seal with a check valve 





The end of the steam main 
connects directly into the return main without any seal. 
The last 25 ft of the steam main is 1 in. in size and at 
the very end, after the connection to the last radiator, the 
and then connects di- 


in the bottom of it, Fig. 2. 


steam main is reduced to /% in. 
rectly into the return main. The return main then circles 
back around the walls of the plenum chamber in parallel 
with the steam main, Fig. 1. The return main continu 
ally increases in size as it approaches the boiler room. 
Aside from the small connection between the end of the 
steam main and the beginning of the return main, all of 
the piping is properly installed and the various connec- 
tions correctly made. The steam main was insulated but 
the return was not. 

While the plenum space is cramped, it is fortunately 
well ventilated. The brisk air movement throughout the 
plenum chamber due to the exhaust through the mush- 
rooms above was pleasant and helped to mitigate the un- 
pleasantness due to our cramped positions. 

After examining every foot of steam and return piping 
in the plenum chamber we found nothing out of the ordi- 
nary. While the small connection between the steam 
main and the return main in the plenum chamber is un- 
doubtedly not in accord with the best practice, it did not 
seem that it in itself could be the cause of the trouble. 

[From the information given above, source of the trouble was 


located and the proper remedies applied. Before reading the an 


swer on page 98, back section, readers may wish to test their own 
“trouble-shooting” skill—T ue Eprrtor. | 











Specifications for Radiographic Examination 





of Steel Castings for Piping Service 


By Herbert R. Isenburger* 


HERE are no standards governing the technique 

to be pursued in the x-ray examination of castings 

and forgings for high pressure and temperature 
piping service, the way in which objects and areas exam- 
ined shall be marked for identification, and the grounds 
upon which objects shall be accepted or rejected. The 
technique is left entirely to the judgment of the x-ray 
iispection group, the marking system is usually peculiar 
to that group, while the onus of acceptance or rejection is 
sometimes borne by that group and sometimes is shifted 
to those for whom the work is being done. 

In our practice, the following specifications have 
proved satisfactory : 

1. If a casting, after being radiographed, is accepted by Pur- 
chaser, said casting will be returned to Foundry for finishing. 
Upon receipt of said casting, Foundry will immediately proceed 
with its fabrication. 
with kerosene in the customary way. 

2. In the event that Purchaser, after a casting has been radio- 
graphed, feels that said casting is defective to such an extent 
that it should be replaced, Purchaser will notify Foundry to 
this effect and will submit all pertinent details and radiographs to 
Foundry for their study and consideration. Foundry will then 
submit these data to their own metallurgist and/or foundry 
expert and/or engineer for their criticism. 


Upon completion, casting shall be tested 


(a) If Foundry is then also convinced that said casting is 
defective and should be replaced, Foundry shall then proceed 
immediately with a new casting which shall be submitted for 
radiographic examination following the same procedure as with 
the original as above specified. This procedure shall be repeated, 
if necessary, until a satisfactory casting acceptable to Purchaser 
has been produced or until Foundry disagrees with Purchaser’s 
disapproval, in which latter event procedure shall be carried 
forward as specified hereafter. 

(b) If Foundry, after consultation with their own experts, 
believes said casting is satisfactory for service or may be made 
satisfactory for service by applying certain remedial measures, 
they will so advise Purchaser who will either transmit Foundry’s 
comments and suggestions to the x-ray laboratory for considera- 
tion or arrange a conference between Foundry’s experts and/or 
the x-ray laboratory's experts and/or Purchaser’s representatives. 
In more precise definition of said “Purchaser's representatives,” 
Purchaser may, at his discretion, elect to have present at said 
conference a member of his own organization and/or an expert 


*St. John X-Ray Service, Inc., 


Long Island City, N. Y. 
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extra to his own organization and also extra to the x-ray 
laboratory’s organization. 

If, as a result of such conference, it is mutually agreed that 
the casting is acceptable, said casting shall be returned to Foun- 
dry’s shop for fabrication. If it is mutually agreed that said 
casting may be made acceptable by applying certain remedial 
measures, said casting shall then be returned to Foundry’s shop 
where the defects shall be corrected as discussed in said con- 
ference. After such correction, the casting shall either be 
fabricated or shall be returned for further radiographic examina- 
tion at the option of the Purchaser. The Purchaser will be 
guided in this decision by the nature of the defects and the 
nature of the remedy. Should said casting be re-x-rayed and 
adjudged unfit, the matter shall be subjected to re-discussion 
under the same procedure as above. Should said casting be 
re-x-rayed and accepted by Purchaser, it will be returned to 
Foundry’s shop for fabrication. 

In the event that an agreement cannot be effected, a neutral 
expert shall be brought in who will act as arbiter. The judg- 
ment of said arbiter shall be accepted by both the Foundry and 
the Purchaser as final. This arbiter shall be an expert x-ray 
technician thoroughly familiar with the science of radiography 
and the interpretation of its results and also have some knowledge 
of foundry practice and metallurgy and shall be familiar with 
the service requirements for the casting’s ultimate use. Said 
arbiter shall be so chosen that he will be acceptable to both 
Foundry and Purchaser. Payment for said arbiter’s services, 
should arbitration become necessary, will be discussed at that 
time. 

Should the arbiter adjudge the casting to be defective and 
unfit for long time continuous service, the Foundry shall imme- 
diately proceed to replace the defective casting with a new one 
which shall be submitted for radiographic examination under the 
same procedure as before. Should the arbiter adjudge that the 
casting is quite fit for long-time continuous service, the Purchaser 
will accept said casting which will be returned to Foundry’s 
shops where it shall be immediately entered into the processes of 
fabrication. Should the arbiter adjudge that the defects are of a 
minor nature possible of correction, said casting will be returned 
to Foundry’s shops where such correction shall be executed and 
the casting be returned for further x-ray inspection, under the 
procedure above specified. 

3. In the event that Purchaser, after radiographic examina- 
tion, believes that a casting is defective but that the defects are 
of such a nature that they may be satisfactorily corrected, Pur- 
chaser will notify Foundry to this effect and will submit 
pertinent details and radiographs to Foundry. Procedure wi!! 
then be carried forward as specified under subheadings (a) and 
(b) under (2) above. 











! is instructive—and serves the use- 
ful purpose of checking the various 
calculations involved in the design of 
a comfort cooling installation—to spend 
an additional few minutes to make up a 


heat balance. As a matter of fact, some 
may prefer the heat balance method of 
analysis, as the chance for error is less. 

Based on the conservation law, assum- 
ing steady flow operation of the apparatus, 
we know that the total energy of various 
kinds entering a system must equal the 
total energy leaving the system in unit 
time. Employing the heat equivalent of the various kinds 
of energy involved, we may express this law in the form 
of a heat balance ; that is to say, the total equivalent heat 
entering and leaving a system must be equal in amount. 

The following nomenclature is employed in this ar- 
ticle :— 


The heat balance method of analysis for comfort air 
conditioning — as contrasted with the method of 
individual differences usually employed—is explained 
here, illustrated by a typical example worked out in 
detail.......A table of properties of refrigerants and 


forms for recording computations are shown 
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Fig. 1—Diagram for heat balance problem worked out in text 


Heat Balance Analysis 


for Air Conditioning 


By Louis A. Harding* 


H,=Sensible heat to be removed from room by cooler, Btu per 
hr. This includes the sensible heat to be removed from the 
air entering room by infiltration (not ventilation air). 

M =Weight of air to be circulated through room by fan and 
through cooler, lb per hr. 

=H,/0.24(t— ts) lb per hr, in which ¢ = room temperature 
and f:= temperature of chilled air entering room. 

H;=Sensible heat to be removed from room, excluding infiltra- 
tion, Btu per hr. 

=H, — 0.24 M.(t.—t), where t.= temperature of outside air. 

H, =Heat in air entering for ventilation and by infiltration, Btu 

per hr. 

=(M.+ M;i)ho, where ho= total heat per lb of outside air 
corresponding to outside dry bulb temperature fo. 
(M.+ M;) = weight of air entering for ventilation and in- 
filtration, lb per hr. 

H.=Total heat in saturated vapor added by persons in room, 
Btu per hr. 

=0.17n &K 1103, in which n= 
moisture loss per person, lb per hr (80 I 


number of persons; 0.17 
air); 1103 
total heat saturated vapor at body temperature. 
H;=Heat removed in WV lb of condensate from cooler, Btu 
per hr. 
=Wq, where W =0.17n + (M.+M-) (we—w) and q= 
heat of liquid at temperature of condensate (approx. 25). 
WwW, Wo weight of vapor per lb of inside and outside air 
respectively, Ib. 
H.=Heat removed by outward leakage of air from room, Btu 
per hr. 
=(M.+Mi)h 
H =Heat removed by cooler, Btu per hr. 
=M (hi—hz), in which M is the weight of air circulated 
through room, lb per hr. /, he= initial and final total heat 
of air entering and leaving cooler, Btu per lb (previously 
determined ). 


By the heat balance method of analysis, H is determined by 
difference as indicated by the equation. 


H = (H.+ H’,+ H:2) (H; + Hy) (See Fig. 1) 


H; = Heat equivalent of entering work for compressor, Btu 
per hr. 
= 2545 & brake hp compressor motor. 


60M x. (hte—h.) 
Brake hp, compressor, = = 


M, (h. hs) 


> X 2545 42.5 @ 
§ Overall potential efficiency of compressor (approx. 0.65 to 
0.70). 
M,=Weight of refrigerant circulated, lb per min., = tons 
200/hs — ge. he = total heat of superheated refrigerant 
vapor leaving compressor, Btu per Ib; A, = total heat of 


vapor at beginning of compression, Btu per lb, fre- 
quently assumed as the total heat of saturated vapor corre- 
sponding to the temperature of evaporator, f.; g- = heat of 
liquid, Btu per lb, usually assumed as that corresponding to 
the saturation temperature, f., corresponding to the pressure 


pe maintained in the condenser. 


*L. A. Harding Construction Corp., Buffalo, N. Y. 
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AIR CONDITIONING CORP'’N. Form 100 
Anywhere, U. S. A. 
PUM cc ekhnet ndsndous 
ED neavadeéhsevion 
Computations for Summer Cooling 
Pee habs Cb ds 9.00.5 Wb dw b60 66 6h 0 08e FEe RRO ARER GS Fe dW e Veber et been se tcavenes 
Design Conditions: 
Outside air. to sews” - Seas a: Tee. ee! Sere —_ oe me ee 
Inside air. A Wkese Wahvcce” Tb .% adap 7 caw 
Entering room air. d.b, = ...... me 
Ventilation..... (n no, persons)x(10 to 15) =.....cfm. Be FS ecocds Ib per hr 
Infiltration. (exhaust fans, etc.)...... cfm. M o = wees. Ib per hr 
Shaded sides of building. ..........+0eeeeeees (sun effect nil) 
Current available. .......... ee errr volts. 
Temp. cooling water available. ta.......... P 


Heat Entering Room, Btu per hr (He) 


Transmission 


Outside walls ....... . fig ae (unit trans.) x...... (temp. diff) =...... 
Inside part’ns....... CO TEP Bese cde (unit trans.) x...... (temp. diff) = ...... 
NL. anesiene che time eee te Me cea (unit trans.) x...... CO, GEtE) SS vcccee 
Pe scisaenenn tote Rh gee (unit trams.) x...... oo |e ae 
POT Sadescveecésess ES Pprrer (unit trans.) x...... a _) ee 
Sun Effect, Glass 
i i os stshibecnd ose oswaes aGha¥as fee BED Bis seven agttences _ eee 
PE -cnind cath adiad 6oaee se eus Mees te i i deen chad eeebe __ ery ee 
, errr rrr Tr ererccrerreeiTere Pr Ca cca bane eeeea ee _ reer 
Skylights (inside shades)............00e. 8 ek eer rere SE nc eanen 
Oe ro eer re Se er Wks cée cetadieass ae 


(NOTE: Do not include both sun effect and transmission for same 
surface. Awnings reduce sun effect for glass by 28%). 


ES castes nndedekeoeun wees see (no.) x 225 (sensible heat 80 F) =...... 
I ek ee ata ee i we eee occa a Uc aie total watts x 3.41—...... 
Pe itehclimtieidn pk ttieaindsdetve kei hebeageiakvas total hp x 2545—...... 
i OE” «nce wenh censtunsbededeoannct< total watts x 3.41—...... 
PE icct cbse weand dsc teovenktees ehan'es Oe Gt w OOS .cccce 
EE DO RE pe oe ny ene Freee ~ covese 
aS Ge MN cp nocd i vnesGietavaceccces (no. persons) x 1103 —...... 
Total fer He = wc ccs 

SEE EEE EE EEN Pe OPE TT AT OEE Ee re ae Cee Beccade Cho) Be = ccecc 
PE cca tb ebn6e babs 0686 ORK SOO REET ON gs See OF i — ne 
Total heat entering room, He=...... 








Fig. 2—Form for recording comfort cooling computations 


Fig. 3—Form for recording comfort cooling computations 








Heat Leaving Room, Btu per hr, (Hr) Form 100-1 
Outward Leakage Air..........000006: Ib (Mo + Mo) x...... (Rh) Hy = ones. 
Cooler Condensate.......... (Mo + M’oe) (wo w) + 0.17 ' 206. Met .csccs 
Bie +> Pig == Be S co ccces 
Heat removed by Cooler (and refrigerant).............. He ie? £ eee 
GE EEE ES AE er err err ee BP i> BERBGO SS onc ce 
Air to be Circulated.......... (He Hv) + 0.24 (ts — t) Ib per hr M=—...... 
Volume air circulated per min. ........00.eeee eel M -- (60 x 0.075) cfm = ...... 
Resistance, in. water....... we i o cases ” cooler + ......” heater 
Ce BO) te avccas Te ED, dn chk awed eed bkeeken eeckeereres © Escenas 
Air horsepower ........0000. Ressces ” (res) x 5.2 x cfm) -+ 33,000, Ahp = ...... 
ee re PD... ie on6nt66bs eee sees 66S ceseeucn eed Ahp + 0.65 — ...... 
Ps EY WD ne cine n ne eh eeee 68400 004.06 06400000600 Nébeeene EE op0000 


Refrigerating Apparatus and Evaporator Coil 


Recirculated air entering cooler, Ib per hr............./ Mr M — Me = ..... 
Dry bulb temp, air entering cooler.......... ty (Mrt + M’ote) + M 

Moisture enter'g. cooler, per lb Sd stk eed wy (Mrw + M’'owo) + M=—...... 
Dew point temp. air entering cooler. .........00-e0ee005 (corres. to a) = ...ce- 
Wet bulb temp. air entering cooler................ (from psych. chart) = ...... 
Total heat per lb air ent’g. cooler........... (corres. to w.b. temp.) 4, —...... 
Total heat per Ib air leaving cooler...........+..00- ie Se ig me PE Se cc wees 
Ee DOU GE OE. GOGNNR a a oo 6c ocak aG eee ceesecencccvesccgeasceamese 4 SE viwans 
Pe DOOR DOOR. 5 conc 0 aes esesetese (sq ft) (cfm + velocity, fpm) —...... 
Temp. refrigerant rea’d. (See CRart)..ccccccccccccsccccscccccecs ier MS sks cee 
Total heat per lb refrigerant sat’d vapor for ts ...... Cie TE cece) Mb TE cancer 
CemGOROeh .cccccces be SE secees Ib per sq in. te=—...... ” Mi SB i caon 

Total heat superh’t’d. vapor at pe......... (tot. ht. —entropv cht.) he =—...... 
Weight refrigerant pumped per min....Mx = (tons X 200) (As —qe) = ...... 
Compressor displacement. ...........cceseeseees D = Mxvs+0.75 cfm=—...... 
CE TD on pccew cc snen sh seeneeetcedenand Mx (he —hs) + 42.5 6—...... 
Compressor moter. (RD CAtIMG)..cesscccvececs Seat cence senses cesenes Diesedes 
Cooling water. Initial temp. fta..........° Final temp. tn.......... e 

Cooling water req’d. lb per min (C)........Mx (he — qe) + (to —ta) = ...... 
CE MN, a a Cee kad Coan Ceedbe neces coucesaened le + Ge ME. caces 
rr rr Cr «cab oa a ekses eases tdence ee nee Re tc0<ee 
RES eee eee ee eer Ee TTT eT er TTT S eetan 
rn re ee re i VAs ieeeecetehasadedetencbesiseebeueesn SE succta 
NOTES: 


























H.=Heat removed by condenser, Btu per hr. 
= 60C (te —t.) ; C = weight of water, lb per min; f, and fy, 
initial and final temperature of cooling water. 
H«= Heat removed by compressor jacket water, radiation an 
convection from apparatus, Btu per hr. 





Applying the heat balance method of analysis to thx 
problem given in the July, 1935, H. P. & A. C., pp. 317- 
322, we note that the sensible heat (H, = 91,363) that 
must be absorbed by the circulated air (/) includes the 
sensible heat to be removed from the air entering by in- 
filtration, or 0.24 (t, —t) M, or 0.24 x 10 x 11,600 = 
27,840 Btu per hr. 


Then H’, = 91,363 — 27,840 = 63,523 Btu per hr. 


The total heat for the outside air, 4g = 37.5 and for the inside air, 
h = 34.1 Btu per Ib air. 
H,= (4050 + 11,600) 37.5 = 586,875 Btu per hr. 
H.= 0.17 X 100 & 1103 = 18,751 Btu per hr. 
H;= 31.5 X 25 = 788 Btu per hr. 
H,= (4050 + 11,600) * 34.1 = 533,665 Btu per hr. 
Then H = (H, + Hi+H:) — (As+ HH.) = 134,696 Btu per hr. 
or Tons Refrigeration = 134,696/12,000 = 11.2, as previously com- 
puted. 

The heat balance for the room is shown by Fig. 1. The 
computations in the July article gave the following re- 
cults : 

Compressor brake Lp = 13.1; Cooling water C = 88 Ib per min. 
Then H; = 2545 & 13.1 = 33,340 Btu per hr and 
H,. = 60X 88 (99.5 — 70) =155,760 Btu per hr. 


Table 1—Properties of Refrigerants 


[Pressures are absolute; temperatures, degrees Fahrenheit ; 
Heats, gc, hs and he, Btu per lb; d=density liquid, lb per cu ft; 
v,=specific volume saturated vapor, cu ft per lb; A. for no super- 
heat in suction as read from Mollier diagrams. ] 


Ammonia (NHs3) 


SATURATED VAPOR 


— 7 EvapoRATOR (fs) ConpDENSER (he) 
te—82.6° 86° 96.3° 
pe—160 169.2 200 
ts ps d Us hs qe—135 138.9 150.9 
—10 23.7 41.8 11.50 608.5 728 730 745 
0 30.4 41.3 9.12 611.8 716 719 732 
10 88.5 40.9 7.30 614.9 703 706 719 
20 48.2 40.3 5.91 617.8 691 694 707 
30 59.7 40.0 4.83 620.5 680 683 695 
40 73.3 39.5 3.97 623.0 670 672 684 
Carson Dioxipe (COs) 
te= 70° 80° 86° 
pPe—860 960 1020 
ts ps d Us hs qe—65 75 84 
20 215 0.0149 0.417 138.5 164 167 168 
0 306 0.0157 0.290 138.9 155 157 159 
10 360 0.0161 0.244 138.7 152 154 157 
20 422 0.0166 0.205 138.3 149 151 153 
30 491 0.0172 0.172 137.8 146 148 149 
40 568 0.0178 0.144 136.7 142 144 145 
Metnyt Cuiorive (CHsCl.) 
te—80° 100° 120° 
pe=85.3 118.8 159.6 
ts Ps d Us hs qe=41.7 49.4 57.5 
0 18.8 61.9 5.18 193.6 224.9 232.0 2 38.0 
10 23.3 61.3 4.18 194.9 222.2 229.5 235.7 
20 28.8 60.7 3.41 196.3 219.4 226.8 232.5 
30 35.2 60.1 2.81 197.6 217.0 223.9 230.0 
40 42.6 59.5 2.31 198.9 214.4 221.0 227.0 
50 51.5 58.7 1,93 200.2 212.0 218.5 224.0 
“Freon” (DICHLORODIFLUOROMETHANE) (F-12) (CCleF2) 
te=80.9° 93.4° 104.5° 
pPe—100 120 140 
ts Ps d vs hs ge=26.50 29.54 $2.28 
0 23.9 90.5 1.64 78.21 89.4 90.7 92.0 
12 30.6 89.2 1.30 79.59 88.9 90.1 91.4 
0 35.8 88.4 1.12 80.49 88.5 89.8 91.1 
30 43.2 87.2 0.94 81.61 88.1 89.5 90.6 
40 51.7 86.1 0.79 82.71 87.8 89.2 90.3 
50 61.4 84.9 0.67 83.78 87.6 88.9 90.1 
SATURATED VAPOR ad SUPERHEATED VAPOR 
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The heat balance indicates that the estimated heat re- 
moved in compressor jacket water, by radiation and con- 
vection, to be 

He = 12,276 Btu per hr. 

A systematic record of the computations involved for a 
proposed comfort cooling installation is obviously essen- 
tial in any well regulated office. 

The forms presented here may be used to advantage 
and include the engineering data required to determine 
the capacity of the various apparatus. They are 
easily followed and require the use of unit heat trans- 
mission tables, psychrometric chart, a diagram, tables or 
formula for determining the temperature of refrigerant 
and a total heat-entropy diagram for the refrigerant to 
be employed. (See July, 1935, H. P. & A. C., pp. 317- 
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322, and September, 1935, pp. 429-433.) The accom- 
panying table on properties of refrigerants may be em- 
ployed for determining 7,, /,, h., and g._ by interpolation, 
in place of the total heat—entropy charts published in 
September. [For number of rows of evaporator cooling 
coils and temperature of refrigerant, see chart, pp. 
386-387, August, 1935, H. P. & A. C. 

Those who prefer to use the method of differences for 
various items in computing the tons of refrigeration may 
easily revise the few lines necessary to accomplish the 
result. The back of one sheet may appropriately be filled 
with transmission data, etc. and the other, cross section 
lines for a diagrammatic sketch of the proposed layout. 

[This is the third of Mr. Harding’s series of three articles 
on comfort air conditioning.—Tue Eprror. | 


U. S. Equipment Air Conditions Montevideo Bank Building 


By Rudolf Kuhlmann* 


Left—Two 250 hp centrifugal compres- 
sors supply refrigeration for air con- 
ditioning the Banco de la Republica 
Oriental del Uruguay. Right—Three 
of the six oil-fired cast iron boilers 


ONTEVIDEO may boast the most impressive 

collection of North American heating, ventilating 
and air conditioning equipment in South America in its 
Banco de la Republica Oriental del Uruguay. The first 
section of this bank, which is really a combination bank 
and office building, was finished over three years ago 
and the remainder was under construction when I visited 
Montevideo earlier this year. With the exception of the 
necessary ductwork, grilles, additional washers and 
accessories, all the major equipment for the entire build- 
ing was installed when the first part was built. 

Two 250 hp centrifugal compressors supply refrigera- 
tion for air cooling. Only one of these was being used, 
as the second was to be called into service upon com- 
pletion of the building. Three washers were in oper- 
ation, and three more were being erected. 

Six cast iron heating boilers, each rated at 500,000 
Btu, formed an imposing battery of steam producers. 
ach was protected with a low water cut-off. Six semi- 
automatic fuel oil burners fire these boilers, and consti- 


“Engineer, New York, N. Y. 








tute the first large semi-automatic fuel oil burning instal- 
lation in South America. Two mechanical cooling towers 
erected on the roof of the bank avoid the expense oi 
using the city supply for condenser water. These are 
enclosed, spray type coolers, and each fan is equipped 
with a 15 hp motor. 

There was not a single conventional type radiator in 
the building, and the engineer said there were no steam 
pipes above the basement. Both heating and cooling are 
accomplished by air distribution through ducts from the 
central boilers, compressors, washers and heat transfer 
surface. It was interesting to observe that all steam 
mains were of brass. 

It was interesting to me to note that the compressors, 
boilers, low water cut-offs, oil burners, cooling tower 
fans and their motors and other equipment were of U. S. 
manufacture ; a cursory inspection of the control equip- 
ment showed that at least five U. S. firms were repre- 
sented by the controls, indicators, and recorders for tem- 
perature, pressure, and humidity. Actual installation of 
the job was done by the local subsidiary of a large U. S. 
corporation. 











to Flow of Fluids 


O obtain definite data on the resistance of valves 
and fittings to the flow of fluids, pressure drop tests 
have recently been conducted on both steam and 
water for 2 in. and 6 in. sizes and are described in de- 
tail in the booklet “Engineering Data on Flow of Fluids 
in Pipes and Heat Transmission.” ' The steam tests 
were made on pressures of 50 and 100 Ib, velocities 2,000 
to 20,000 fpm. The water tests were made with a 3 in. 
test line with inlet pressure kept constant at 80 lb and 
rate of flow varied by throttling the test line outlet. 
The figure shown here is based upon these tests and 
information gathered from other sources, and gives the 


‘Published by Crane Co.. Chicago, Ill.; see review in “Booklets, Reports, 
and Papers,” this issue. Data reproduced by special permission. 















































Resistance of Valves and Fittings 


EXAMPLE: The dotted line 
shows that the resistance of a 
6 in. std short radius elbow is 
equivalent to 16 ft of 6 in. std 
pipe. 
NOTE: For sudden enlarge- 
ments or contractions, use the 
lo fe) smaller diameter, d, on the pipe 
size scale. 
ize sca 
Globe Valve, Open a i Gate Valve }- 3000 
, 34 Closed } 
Yy Closed P2000 
-——\4 Closed ‘ 
I 
——— Fully Open | 1000 
. +—50 
on U uJ + 500 —, 
Angle Valve, Open Standard Tee 7 36—} 
("am r 300 30—}-30 
(—~ + 200 “—T 
: /) Square Elbow - 22--—— 
—y 20—+- 20 
Close Return Bend —— | we E 100 pens 
. 16— 
a 3 14-—-——1 
Borda Entrance iso ™ 
| / ge z£ 2 
39 & 10—+-10 
Standard a =a-p, - 4 9— 
Through Side Outlet is - 20 5 ae 4 
eel [sodden Bagemene——[ "9 4 
a pees d/p- % Ss a a 
rt +-|—4/o- 2 p10 r 
——d/p— ¥% : 5—1-5 
Standard Elbow or run of||| [LL - © % 
Tee reduced 4 4 = 5 i % 
=> d 3% —_++ 
\Ordinary Entrance [3 5 3—+ 3 
ne eh’ Ut 
s 244 5 
Medium Sweep Elbow or 
run of Tee reduced — Sudden Contraction < 
i—d/p- 4 o os 
d/p- V2 : 4— 
a i F 
5 jj... 
a 3 
Long Sweep Elbow or ——— rr 4—- 
run of Standard Tee —_—— 45° Elbow ad 
— 4 
Resistance of valves and | ol % 4 
fittings to flow of fluids 
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Inside Diameter, Inches 


equivalent length of pipe to produce the same pressure 
drop as a valve or fitting; this additional length should 
be added to the length of the line in order to determine 
the total pressure drop. Pressure drop caused by the 
length of the valve or fitting is disregarded, the figure 
giving just the pressure drop added by the presence of 
the article in the line. For instance, if a valve 4 in. face- 
to-face is installed in a line 30 in. long, the actual pres- 
sure drop through the valve will be the total pressure 
drop minus the drop caused by 26 in. of pipe. However, 
in a practical problem this value will be added to the 
pressure drop caused by the total length of line which 
will give a pressure drop slightly higher than the actual. 
This “no length’ concept was established and has been 
used before with reference to elbows by Prof. F. E. 
Giesecke. 


Results of Tests 


Briefly, the tests on water indicated that globe 
valves offer a resistance to flow greater than shown 
by previously published data; screwed and flanged 
globe valves and fittings of the same design offer 
equal resistance to flow ; 2 in. globe valves installed 
with pressure under the disc cause a greater pres- 
sure drop than do the same valves with pressure 
on top of the disc, and 2 in. welding elbows show 
lower pressure drop than screwed long sweep 
elbows. 

The steam tests indicated that 6 in. globe 
with pressure on top of the disc cause a greater 
pressure drop than when installed with pressure 
under the disc, while 2 in. globe valves with pres- 
sure under the disc cause a greater pressure drop 
than with pressure on top of the disc. 

Pressure drop through pipe is approximately in- 
versely proportional to the specific volume of the 
steam (assuming a constant friction factor) if the 
velocity is the same; i.e., if the pressure drop is 
known at 50 lb gage (specific volume 6.65) the 
pressure drop at 100 lb gage (specific volume 3.88) 
will be approximately 6.65/3.88 or 1.72 times the 
drop en 50 Ib pressure with the same steam veloc- 


valves 


ity. The tests on 100 Ib steam indicated that the 
same relation exists for valves and fittings as tor 
pipe. 


In general, the tests showed that the pressure 
drop through 2 in. globe valves on steam in terms 
of equivalent pipe length is greater than the resist- 
ance offered by the same valves to the flow of water 
when expressed in the same terms. The actual 
values are—steam, approximately 75 ft of 2 in. 
pipe, and; water, approximately 60 ft. It is as- 
sumed, however, for practical purposes that the 
resistance offered to both steam and water flow 
is the same when expressed in terms of an equiva 
lent length of pipe. 
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Automatic arrangements for 
domestic service hot water are 
imperative for low cost of oper- 
ation; where oil or stoker fired boilers are used, the 
hook-up of storage tank to an indirect heater affords an 
ideal method applicable to apartments, hotels, factories, 
schools, hospitals, residences, etc. The following data 
will be helpful in selecting and installing the proper equip- 
ment for this type of job. 

Taj »ing the Boiler—Sectional steam boilers must be 
provided with a tapping in each section (except front 
section) and the combined tappings must be connected 
with pipe to a manifold which is connected to the indi- 
rect heater. Tappings should be 3 in. below the normal 
boiler water line. On steel boilers it is necessary to tap 
only one opening, which may be secured by welding a 
nipple or coupling into the boiler; on round boilers it is 
necessary to tap only one section. 

Many of the steel and round cast iron boilers made 
in recent years are provided with this opening. 

Before deciding on the drilling and tapping, determine 
if water line drops in glass when boiler is under normal 
operating conditions. I have seen a number of cases 
where this condition existed and the water in the boiler 
being below the pipe pieces in the manifold would pre- 
vent circulation of boiler water through the heater; in 
this event tap and drill 2 or 3 in. below operating water 
line level. The manifold must be kept as high as prac- 
tical, as must the indirect heater, so that the hottest water 
from the boiler will be adjacent to the heater. 

Many boiler manufacturers will tap all sections on 
new sectional boilers at nominal cost. Usually the back 
section of all recently manufactured boilers is drilled and 
tapped ; if the other proposed openings are lined up with 
this tapping, one drilling and tapping will be saved. If 
the back tapping is lower than the 3 in. required, it 
should be re-tapped. 

In tapping any boiler, be sure that you are drilling into 
the cored part of the section. Set the pilot drill so it 
will not be possible to drill into the opposite wall of 
the cored section. After the hole is drilled with the 
pilot drill, insert a wire with an offset in it and feel 
around inside of the section. If a stave is found within 
this area, then it may be wise to move over to a new 
location, tap out the hole made by the pilot drill and 
plug it up. 

On some types of boilers, all sections need not be 
tapped, as an extra large nipple construction is incorpo- 
rated at top of boiler and a portion of the boiler water 
is circulated throughout the entire length of the boiler. 
In other words, it is the same as raising the water level 
in sectional boilers when only a few of many sections 
are tapped. This is explained in the following paragraph. 

On an installation where all the sections are not 
tapped, or on a boiler with split sections (that is, where 
the two halves of the boiler are connected to each other 
only by the upper nipple ports or by headers as fur- 
nished by the manufacturer) the boiler should be filled 


Installing Indirect 
Hot Water Heaters 
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with water during the summer months so that the upper 
nipple ports or header are half full. For the convenience 
of the boiler attendant, a % in. pipe line should be in- 
stalled to a point approximating the center of the upper 
nipples or header, with a valve on the end. When at- 
tendant is about to flood the boiler he may open valve 
and fill until water shows at the top of valve. This 
high water level will cause the water in the two half 
sections of the boiler to circulate over the entire length 
of boiler. 

On unattended split sectional boilers it is vitally nec- 
essary, if the boiler is to be used for summer firing, to 
tap each of the half sections and to install two mani- 
folds (one on each side of boiler). These two mani- 
folds are tied together into a neutral pipe line to the 
supply tapping of the indirect hot water heater. The 
reason for this is obvious, as the owner cannot be ex- 
pected to raise and lower the boiler water level to meet 
varying weather conditions. Where an engineer or at- 
tendant is employed he can be expected to raise and 
lower the water level as required, and then the double 
manifolding is not absolutely necessary. 

If the manifold header is likely to become air bound 
due to the type of hook-up used, a % in. line should be 
installed from the top of manifold into the steam space 
above the water line of the boiler. In case the water is 
carried high in the summer, then be sure the % in. 
venting line is connected high enough so as to be in 
the steam space. In venting the manifold, tie the vent 
line into the water column (if of the outside type) or 
below pop valve or damper regulator opening. The 
manifold may be made up of steel pipe and cast iron 
fittings, or welded, or preferably of copper tubing and 
brass or wrought copper fittings. 

If the indirect heater should have, for example, a 1% 
in. shell opening and the boiler is to be tapped on five 
sections, then the combined tapping areas should equal 
or exceed the area of the manifold size. In this instance 
we would tap the sections 1 in. I would not suggest 
tapping any boiler section less than 1 in. in any case. 
This precautionary measure will allow for possible 
fouling of the pipe or tubing. The shell and coil open- 
ings on the indirect heater should be full size, however ; 
with copper tubing or brass pipe, use one size smaller. 

Control—A gate valve should be installed in the re- 
turn piping from the indirect heater to the return open- 
ing of the boiler to be used to reduce the flow of water 
through the heater which will, in turn, tend to prevent 
too high temperature of the water in the storage tank. 
It is only during the heating months that this valve will 
be throttled down and in the summer the valve is left 
wide open. There are automatic devices that will take 
care of this condition very nicely which are inexpensive 
and easy to install. 

To maintain temperature in the steam boiler below 
the steaming point, it is necessary to install an aquastat 
in the manifold or top of indirect heater. The installa- 
tion of the aquastat is simple and it is usually wired up 
to the pressure control unit or relay unit. 
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Tank Size—Storage tank size has an important bear- 
ing. It is essential that a tank of ample size be used, in 
no case under 50 gallons. Up to 65 gallons’ capacity, 
it may be stood in a vertical position (though preferably 
horizontal) but over this it should be horizontal. Bot- 
tom of tank must be above top of indirect heater. 

Use of Pump—On old jobs where the tank has been 
connected to an indirect heater and the heating effect 
of the water is poor, owing to the fact that the bottom 
of the tank is appreciably below the top of the indirect 
heater, I would suggest the installation of a recirculating 
pump. However, if changing the position of the tank is 
possible and practical then it may be advisable to alter 
the tank setting. If the pump is to be used, then it is 
necessary that the indirect heater be installed at a point 
where its top will be below the bottom of the tank. With 
this arrangement it does not matter how low the heater 
is placed, for it does not rely on gravity circulation. The 
supply to the heater from the boiler must be in the same 
position in regard to the water line level as in a grav- 
ity job. 

The recirculating pump is installed in the return piping 
from the indirect heater to the steam boiler and oper- 
ation of the pump is controlled by an aquastat. This 
aquastat (in addition to the one in the manifold) is in- 
stalled at a point near bottom of storage tank and will 
control the temperature and volume of stored hot water. 

The capacity of an indirect heater is increased approxi- 
mately 25 per cent when used in connection with a re- 
circulating pump of proper size. Piping sizes may be 
reduced approximately 75 per cent between the indirect 
heater and the steam boiler when a pump is used, except- 
ing for the pipe pieces between the boiler and the mani- 
fold which should not be less than 1 in. 

Heater Size—On old jobs where tank capacity is short, 
be sure to figure heater size based on the amount of gal- 
lons required and not tank size. To estimate size of 
recirculating pump in gallons of boiler water to be han- 
dled, figure to pump 114 gallons of boiler water for 
each gallon of service hot water raised 3344 F per hr. 
If the heater capacity were based on raising the tem- 
perature of the service hot water 100 F per hr, then the 
pump would be selected on the basis to pump 4 gallons 
of boiler water for each gallon of service water heated. 

When selecting an indirect heater for a given job, it 
is very necessary that the size be based on the hot water 
demand and not on the size of storage tank installed. 
Automatically fired boilers for summer and winter use 
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require a much larger size indirect heater than do coal 
hand fired boilers. For capacities of heaters and stor- 
age tank sizes, refer to manufacturers’ data books. 

On jobs where a recirculating line is connected to the 
storage tank, add 1% to the indirect heater size. 

Vent Valve—On steam boiler jobs where the supply 
and return mains are valved at the boiler and are closed 
for summer operation, a pressure of air and not steam 
may be encountered. If this is the case, install a quick 
vent valve (not of the vacuum type) with a tight fitting 
globe valve just below it (providing that the job is of 
the vacuum type—valve to be closed during the heating 
season) at some convenient point between the steam space 
of the boiler and the main supply valve. 

Stoker Fired Jobs—I have found it impractical to 
connect a stoker fired job without the use of valves on 
both the supply and return mains. It has been my ex- 
perience that even though the boiler is kept in a flooded 
condition, steam is formed by the carry-over of the stoker 
fire after the stoker is stopped. I have corrected several 
jobs where the steam from the boiler had reached even 
to the radiators on the first floor of large installations, 
and therefore suggest the installation of valves in all 
cases where a stoker is involved. 

Boiler Capacity—Boiler capacity must be considered, 
particularly on large jobs. Quite often the owner desires 
to take the hot water load off his present heater and 
add it to the steam heating boiler through the installa- 
tion of an indirect heater. In this case I would be care- 
ful to check the heating requirements of the building. 
Then I would proceed as follows: 


Check the requirements of hot water demand against the size 
and capacity of the storage tank. 

Assuming that the capacity of the storage tank and indirect 
heater as selected are ample for the job then allow ™% sq ft of 
boiler load tax for each gallon of water to be heated and stored 
based on 100 F rise in 3 hr. 

Allow 1% sq ft of boiler load tax for each gallon of water 
to be heated and stored, based on 100 F rise in 1 hr. 

When an indirect heater is installed above the water line of 
the boiler, allow 2% sq ft of boiler load tax for each gallon of 
water to be heated. 


An indirect heater should be installed avove the water 
line of a boiler only when there is to be a continuous sup- 
ply of steam available. 

Hot Water Systems—On hot water heating systems, 
the indirect heater may be used with equal results but 
the installation is quite different from that for 

















steam. Several manufacturers are providing a 
combination of flow valves and booster (recir- 
culating) pump. With this type of equipment 
a flow valve is installed in both the supply and 
return lines to the boiler. The pump is in- 
stalled in the return line to the boiler and is 





























i. connected electrically to a thermostat in the 
living quarters. The supply opening of the in- 
direct heater is taken from the flow line to the 
radiators at a point just above the opening of 
boiler. This flow line should be taken from an 
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opening on top of boiler as far away as pos- 
sible from where the return from the heating 














* Alternate location - Aquastet 
°° Thermometer 
*** Support for heater if required 





system enters the boiler. This will prevent 
possible short circuiting of cool return water 
passing into the hot water supply line to the 








Type of installation discussed here 


radiators. 














Air Conditioning for Motor Buses 


Announced; System Described 





NEW application of air conditioning—the pri- 
taxicab, ambulance, and motor 

bus—was described to members of the National 
Association of Motor Bus Operators assembled in New 
25, and it was predicted that air condi- 


vate automobile, 


Orleans October 2 
tioning will soon offer the automotive industry the ad- 
vantages it has given the railroads in stimulating traffic 
and increasing revenue. Development by Ralph F. Peo 
of Houde Engineering Corp. and E. P. Heckel of Car- 
rier Engineering Corp. of a method for air conditioning 
self-propelled motor vehicles was announced. No doubt 
was expressed that air conditioning will pay its way in 
the bus industry as it has in railroad cars, theaters, 
stores, shops and a host of other applications. Private 
cars with “weather control” were foretold. 

The system utilizes a low 
similar to a rotary type driven by the bus engine and 
charged with about a gallon of “Carrene,” 
within the bus, a small motor driven fan distributing 
air through ducts along each side or down the center 
of the passenger compartment. The air cooled con- 
denser, mounted outside the passenger compartment, may 


pressure compressor 


an evaporator 


Diagrammatic sketch of proposed air con- 
ditioned bus. Compressor A driven by 
car engine supplies refrigerant to cooling 
‘oil B provided with intake and filter for 
outside air. Fan C draws air over coil, 
vhere it is cooled and dehumidified, 
then distributed through duct D; out- 
lets in bottom of duct diffuse  con- 
litioned air downward over _passen- 
‘ers. E is the condenser cooling coil 


eth t maida | 





Ralph F. Peo about to enter test 
car used as “proving ground” 
for development of motor vehicle 
air conditioning, and which has 
been driven over 12,000 miles dur- 


ing the process. The coil on 
top is the condenser, intended 
for use primarily on buses 


be kept less than 15 high, streamlined to harmonize 
with the vehicle design. 

Tests have indicated air distribution of approximately 
1500 cfm, or about 50 cu ft per passenger with 25 per 
cent outside air to dissipate odors and dilute smoke. 
Assuming a typical long haul bus seating from 32 to 35 
passengers and with interior dimensions 26 ft long, 7 
ft wide and a maximum height of 6 ft, 9 in., cubic content 
will be about 1200 cu ft, external body surface 630 sq ft 
and glass surface 115 sq ft. With good tight construc 
tion, roof insulated and properly painted, the cooling load 
is estimated at 60,000 Btu per hr, or 5 tons of refrigerat- 
ing capacity. Heat given off by 35 passengers is figured 
as 14,000 Btu per hr, and the air drawn in for ventilation 
and infiltration represents 12,000 Btu.. Sun load, heat 
from the engine, and infiltration of outside unconditioned 
air are the most important factors entering into the cool- 
ing load; consequently adequate insulation becomes im- 
portant. 

The apparatus thus far developed indicates that a sys- 
tem to care for such a bus will weigh less than 600 Ib, 
require less than 6 hp to operate, 
space of less than a 3 ft cube, and cost a negligible sum 
to operate. 
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Handling Fuel Oil 


from Tank Car to Burners =» 


UEL oil must be mechanically handled in practi- 
cally all phases of its use and its adaptability to 
mechanical handling constitutes one of its ad- 

vantages. In general, there are two occasions for pump- 
ing fuel oil in the average industrial plant—unloading 
from railroad cars into storage tanks, and transferring 
oil from storage to the burners through intermediate 
heaters, pressure regulators, strainers, etc. Small plants 
and most commercial buildings purchase oil in less than 
carload quantities ; in this case, of course, it is delivered 
into storage by tank truck, and only the latter of the 
above mentioned operations devolves upon the user. 

Transmission of oil through pumps and piping involves 
a number of subordinate operations, such as straining, 
pressure regulation, regulation of volume delivered to 
burners, and maintenance of correct fuel oil temperatures. 
Hence a fuel oil pumping and piping system logically 
begins at the storage tank and ends at the burners. 
Jetween is the equipment which establishes and main- 
tains the fluid flow: pumps, piping, fittings, valves, heat- 
ers, strainers, pressure regulators, metering devices. 
Each contributes to delivering oil where and as needed 
and in the correct physical condition; each must there- 
after be considered as part of a system, rather than as 
an independent or separate unit. 


Types of Pumps 


Fuel oil pumps can be generally classified as external 
gear or internal gear types. Both are encountered in 
a wide and diverse range of forms. Their designers try 
to achieve two ends—to provide for transporting oil, 
and to fashion gear surfaces and forms that will avoid 
congested regions within the pump where fluid is forced 
through small passages or apertures. In general, the 
internal type can be constructed at a lower cost than the 
equivalent external pump because less casing and less 
machine work are needed. Hence, for small oil burners, 
internal gear pumps are most popular, while larger 
pumps are usually of the external type. In the less 
expensive models of external gear, and almost always 
in the internal gear pumps, one of the gears is power 
driven while the other is turned by mesh with the driven 
gear and is called the idler gear. In the more costly 
types, especially of external gear pumps, both gears are 
power driven, being interconnected by a timing gear 
mechanism. 

Too often the selection of a pump is predicated upon 
first cost, little thought being givento such matters as 
maintenance, ultimate life, and more especially, to power 
consumption. As a rule, the tendency for power con- 
sumption to increase out of proportion to good economy 


*Chief Engineer, Consumers Petroleum Co., Chicago, TI. 
Copyright, 1935, by Kalman Steiner. 





Kalman Steiner* 


Table 1—Speed—Viscosity table, showing relation between 
viscosity, pump speed, pump type, and pump size 


External Gear Type Internal Gear Type 
50 100 200 300 600 5 20 50 90 200 300 450 


Pump Type 
Capacity GPM. 35 
V IscosiTy 


SAYBOLT 
UNIVERSAL 
SEcONDs Maximum Pump Speed, RPM 

Oe. satbeton 1750 1150 850 500 400 300 1750 1150 400 390 375 300 260 
_. were 1750 1150 850 500 400 300 1750 1150 400 390 375 300 260 
ST és -wihe aka 1750 1150 850 500 400 300 1750 1150 400 390 375 300 260 
Pere 1750 1150 850 500 400 300 1750 1150 400 390 375 300 260 
ee cesedua 1750 1150 850 500 400 300 1750 1150 400 390 375 300 260 
eer 1750 1150 850 500 400 300 1750 1150 400 390 375 300 260 
Gee Sees ces 1740 1125 830 490 395 295 1740 1125 395 385 370 295 256 
Sa 4686 666 1715 1100 810 480 390 290 1715 1100 390 380 365 290 252 
_ ere 1690 1075 790 470 385 285 1690 1075 385 375 360 285 248 
re 1665 1050 770 460 380 280 1665 1050 880 370 355 280 244 
eer 1640 1025 750 450 375 275 1640 1025 375 365 350 275 240 
a a 1580 990 725 430 355 260 1580 990 355 350 334 260 230 
ar 1520 955 700 410 335 245 1520 955 335 330 317 245 215 
Se wvesees 1460 915 675 390 315 230 1460 915 315 310 300 230 200 
Ee 1400 875 650 370 295 215 1400 875 295 290 280 215 185 
a 1340 835 625 350 275 200 1340 835 275 270 260 200 170 
SP sconnes 1280 795 600 330 255 185 1280 795 255 250 240 185 155 
BOOO ccsccss 1220 755 575 310 235 170 1220 755 235 230 220 170 140 
nn MCE 1160 715 550 290 215 155 1160 715 215 210 200 155 125 
a. are 1100 675 525 270 195 140 1100 675 195 190 180 140 110 
BOEED adsseee 1000 600 500 250 175 120 1000 600 175 170 170 120 100 
830000 ....... 900 525 450 230 170 110 900 525 170 165 160 110 90 
Ge -aceks 6 800 450 400 210 160 100 800 450 165 160 150 100 8% 


is greater as the pressure required increases, or, in other 
words, the feature of power consumption becomes in- 
creasingly important as the developed or required oil 
pressure rises. 

The speed at which rotary pumps should be operated 
is related to the viscosity of the oil being pumped and 
Table 1 shows the general relationship between these 
variables. Economy in power consumption will be heavily 
influenced by the speed, so that excessive speeds should 
be guarded against by providing pumps which will de- 
velop adequate capacity and pressure at nominal speeds, 
in accordance with these values. 


The Suction Line 


In the majority of heating plant oil burner installa- 
tions, fuel is drawn from storage up to the pump by 
suction, thence to be delivered to the nozzle under some 
pressure which may be low or high, according to the 
burner type. Perhaps the most important feature of the 
suction line, aside from its being large enough, is that 
it be absolutely tight and free from air leaks. Regardless 
of the pump used, air leaking into the suction line univer- 
sally produces ill effects in the pump and flow regulating 
mechanism; knecking and hammering, wheezing and 
sputtering, chattering and clattering, all occur in the 
pump and valves by reason of air drawn into the suction 
line. In turn these mean excessive pump wear, uneven 
oil pressure and fluctuating delivery. A tight suction 
line is the start of a good oil burner installation—a leaky 
one is its finish. 

[This is the first of a series on this subject. Pump selectio 
and piping design, pressure regulation, strainers, metering, an 


control are among the topics to be considered in succeeding issuc 
—THE Eprror.] 











Chicago Air Conditioning Standards 


Ready; Results Emphasized 


HE Chicago committee on air conditioning stand- 

ards, representing a cross-section of the industry 

under the chairmanship of John Howatt, has just 
completed new standards for Chicago.* These standards, 
differing in form from those prepared last February, set 
up minimum requirements and emphasize the results to 
be attained. Following are the standards: 

1. Scope: These standards are intended to set forth mini- 
mum requirements only. Note: By no means are they to be 
understood as limiting good practice or as preventing prog- 
ress or invention. 

2. Definition of Air Conditioning: For the purpose of these 
standards, Air Conditioning is defined as the process by 
which the temperature, moisture content, movement and 
cleanliness of the air in enclosed occupied spaces intended 
for human occupancy are maintained within definite required 
limits. Note: For purposes of public protection these stand- 
ards recognize apparatus which performs: 

(a) All of the above functions in winter. 

(b) All of the above functions in summer. 

(c) All of the above functions in all seasons. 

If an installation does not perform all of these functions it 
shall be called by a name which describes only the function 
performed. For instance, neither a temperature controlling 
nor an air moving apparatus may be called an air condition- 
ing apparatus. 

3. Design Coefficients for Heat Transfer Through Con- 
struction Barriers and for Heat Gains from People or Appli- 
ances—shall conform to the standards recommended by the 
current issue of The Guide, American Society of Heating and 
Ventilating Engineers. 

4. Minimum Standards for Refrigeration Apparatus—shall 
conform with the current issue of the Refrigeration Data Book, 
American Society of Refrigerating Engineers. 

5. Minimum Design Temperatures and Humidities for 
Heating—shall be — 10 F outside and 70 F inside. The humidi- 
fying apparatus shall be designed to furnish at least 35 per- 
cent R. H. when the outside temperature is 30 F. Note: 
In buildings of ordinary construction a R. H. of 35 percent 
will cause sweating at outside temperature below 30 F. 


6. Minimum Design Temperatures and Humidities for 


*The air conditioning industry has recognized the necessity for standard 
minimum requirements that all branches of it would endorse, to eliminate 

far as possible confusion created by the wide variation in capacities of 
equipment offered for specific applications. For this purpose a committee 
f nine was selected, each member representing a different technical society 
The Chicago air conditioning 
They may be 


r association interested in air conditioning. 
andards are the result of this committee’s deliberations. 
vised from time to time as further research and progress in the industry 
licate such revisions to be desirable. 
\ supplement is being prepared containing explanations and suggestions 
engineers who are interested in designing systems that comply with 
se standards. This supplement may be secured on application to any of 
organizations listed below, which are the organizations that have 
lorsed the standards: American Society of Heating and Ventilating 
gineers (Illinois Chapter); American Society of Refrigerating Engineers; 
cago Association of Consulting Engineers; Chicago Master Steam Fit- 
Association; Chicago Ventilating Contractors Association; Illinois 
ety of Architects; National Electric Manufacturers Association; Re- 
erating Machinery Association; Western Society of Engineers. 
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Cooling—shall be such as to cover both of the following 
conditions: 

(a) Outside 95 F Db and 75 F Wb; Inside 80 F and 50 
percent R, H. or equal effective temperature as determined 
from the summer comfort chart in A.S.H.l.E. Guide. 

(b) Outside 80 F Db and 75 F Wb: Inside 78 F and 52 
percent R. H. or equal effective temperature as determined 
from the summer comfort chart in 4.S.H.l’.E. Guide, 

7. Infiltration and Leakage: Design capacity to care for 
infiltration of air from outside shall be provided in all heat- 
with the latest 
Nothing in these standards shall 


ing systems in accordance issue of the 
A.S.HV.E. Guide. Note: 
be taken as preventing an allowance for infiltration and leak- 
age when cooling. 

8. Design Load Calculations: 

(a) For winter air conditioning shall include allowances 
for heat loss through: 

(1) Physical barriers such as walls, doors, windows, ceil- 
ings, floors, ete. 

(2) Infiltration. 

(3) Outside air for ventilation by mechanical means. 

(b) For summer air conditioning shall include pertinent 
allowances for heat gain from the occupied zone through 

(1) Physical barriers such as walls, doors, windows, ceil- 
ings, floors, etc. 

(2) Outside air for ventilation by mechanical means. 

(3) Sun heat. 

(4) Heat and moisture from occupants. 

(5) Heat and 
combustion, etc. 


moisture from appliances, illumination, 
The basis of all of these allowances shall conform with 
the coefficients in the current issue of The Guide, American So- 
ciety of Heating and Ventilating Engineers, except where these 
standards give other specific requirements. 
9. Design Allowance for Shading from Sunshine 
made only when the plans and specifications specifically show 


shall be 


such allowance, and wien they give assurance that the 
owner is cognizant of the reduction in capacity on this 
account. 

10. Design Air Quantity: If the heat is to be transported 
into the room or out of the room by the air, either when 
heating or when cooling, the quantity and temperature and 
moisture condition of the air must be such as assuredly to 
accomplish the work. In addition: 

(a) The basis of design for heating equipment, air vol- 
umes, duct work and outside air connections shall be not 
less than the requirements of the Chicago Municipal Code. 

(b) Summer air conditioning not covered by the Chicago 
Municipal Code when refrigeration or other cooling equip- 
ment is used, shall provide for the positive introduction of 
at least 10 cfm of outside air per stated occupant, and for 
restaurants, beauty parlors, rooms with heavy smoking, and 
other rooms with special sources of contamination, this shall 
be increased to a minimum of 15 cfm per stated occupant 

Where the occupancy is not known, or where the stated 
occupancy is below the Chicago City Code stipulation, the 
latter shall govern in determining occupancy. 












11. Design Duct Capacity: Provision may be made in the 
duct design for recirculation of 100 percent of the circulated 
air. Note: This is for economical heating or cooling prior 
to occupancy. 

The inlets, outlets and ducts shall have sufficient capacity 
to permit the introduction of 100 percent of air from outside 
and its removal. 

12. Design Air Distribution—shall be such that: 

(a) There shall be no mechanically produced air velocity 
within the occupied zone exceeding 50 linear feet per minute, 

(b) The difference between the temperature of air cur- 
rents in the occupied zone and the average temperature of 
the occupied zone shall not be greater than as shown below 
for the various air current velocities: 

TEMPERATURE DIFFERENCE 


AveraGe F Minus Current F 


40 and over 2 


Less than 40 3 


Aik CurRENT VELOCITY 
Linear Feet Per MINUTE 


(c) The temperature shall not vary more than 2 F at the 
same level within the occupied zone. 

Note: Nothing herein shall be taken to prevent use of de- 
fiectors, diffusing grilles, nozzles and the like with compara- 
tively high velocity air currents above the occupied zone. 

13. Refrigerating Apparatus and Refrigerants: All refrig- 
erating and cooling equipment, piping and specialties used in 
connection with air conditioning shall be designed and in- 
stalled in accordance with the requirements of the City of 
Chicago, Department of Boiler Inspection and Cooling 
Plants, and the rules of the Chicago Board of Health. 

The following are minimum acceptable capacities for vari- 
ous parts of the refrigerating apparatus to be used in cooling. 

(a) Assumed condenser cooling water temperatures 76 F 
for city water and 80 F for cooling tower water, 

(b) When the refrigerant is flammable, irritant or toxic, 
a receiver of sufficient capacity to contain the entire operat- 
ing charge of refrigerant shall be provided. Under such con- 
ditions adequate valves and facilities shall be provided for 
storing all of the refrigerant’ within the receiver. 

Note: Should the apparatus be required for both cooling 
and heating at intervals during the same season, the evapo- 
rator shall be so arranged that it is not exposed to tempera- 
tures which will cause a pressure greater than that for which 
the evaporator was designed. 

(c) Apparatus such as evaporators, condensing units, ex- 
pansion valves, etc., shall be installed with sufficient line 
valves and with proper fittings to permit efficient servicing 
or quick replacement of operating parts without exposing 
the interior of the refrigerant-containing parts to air and 
moisture where such exposure would affect the system 
adversely. 

(d) Accessibility for servicing and repairing of all parts 
of the air conditioning system must be provided. 

(e) A leak-detecting device approved by the Chicago 
Board of Health must be provided where required. 

14. (a) The parts exposed to moisture shall be made of 
material at least equal to galvanized steel, and the gauges 
and weights of sheets and structural bracing shall conform 
with the recommendations of the 4.S.H.V.E. Guide. 

(b) Each branch of a duct system shall be provided with 
means for adjusting the air volume delivered. 

15. Heat Transfer Apparatus: 

(a) All convectors where condensation might occur when 
cooling shall have drain pans with tubing running to a drip 
with air break above a trapped sewer connection or its 
equivalent. 

(b) No fixed spray humidifier or spray dehumidifier shall 
be installed above the basement of a building unless there 
shall have been installed under it a water tight safing graded 
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to a drain so that in case of leakage or overflow there shall 
be no danger of water damage to the rooms under the 


apparatus. 

(c) Eliminator plates shall be provided for spray humidi- 
fiers, for spray dehumidifiers and shall be made of some 
durable material and so designed as to be easily replaceable. 

(d) Air filters shall be easily accessible for inspection ana 
removing without danger of spilling dust to the leeward of 
themselves when the substitution is made. 

16. Noise Control: The following increase in noise level 
measured in the occupied zone nearest to the source of the 
noise and due to operation of air conditioning apparatus 
shall not be exceeded: 


EXISTING NOISE LEVELS. Arr Con- 
DITIONING NOT IN OPERATION, WIN- 
DOWS AND DOORS CLOSED, OCCUPA- 
TION AND ACTIVITY NORMAL, 
Decibels 


RESULTANT MAXIMUM SOUND LEVELS 
—AiR CONDITIONING IN OPERATION, 
Decibels 


a? 662 dedc0ddGehbihabhbers eebas 15 
i ectevensatbatteneenenea seeee aan 23 
Be evscevcsexecsesesandveverecesecesee 
> “gpiekieevesn raaavns emekansiswanee 
a wnc@weset ebandhed 6400 646408 Kian 45 
a apiscedssecbssadsenheabeatabusonan 92 
ie. wind he den eae bes ebed aneenwed 60 


17. Insulation: In air conditioning work in which refrig- 
eration is employed, all chilled surfaces exposed to tempera- 
tures and humidities which cause deposition of dew shall be 
insulated to such an extent at least that no condensation shall 
gather outside of the insulation 

18. Guarantees: Guarantees of performance when required 
shall be limited to capacities or conditions that are described 
and can be measured accurately and the guarantees shall 
state the condition under which such capacities or results 
are to obtain. 





Nanking, China, Has Air Conditioned Theater 


First air conditioned theater in Nanking, China, is the 
recently completed New Capital. The air conditioning 
system, which provides for the circulation of a constant 
volume of filtered and conditioned air with automatic 
regulation of temperature and humidity adjustable to both 
summer and winter comfort, comprises a “Freon” com- 
pressor driven by a 125 hp. motor, shell and tube type 
condensers, and a spray type air conditioning unit. Water 
is cooled for condensing purposes by a 50 ft cooling 
tower. Source of the water for this system is a deep well, 
with an auxiliary source from city mains. <A 36 in. di- 
ameter multivane fan driven by a 30 hp motor, draws 
the air into the conditioning apparatus. 

The system was planned to avoid abrupt changes in 
temperature, so that one entering the theater from the 
street, or leaving the theater after a prolonged stay with- 
in, will not experience the sudden shock of a too abrupt 
change. To accomplish this temperature change gradu- 
ally on entering the outer ticket foyer, one passes into 
the second or “crush” lobby, and thence to the auditor- 
ium; graded temperatures are maintained in_ these 
spaces. 

Many other modern safety devices and comfort fea 
tures have been incorporated in this play-house. While 
the majority of the films will be shown in their English 
version, with dialogue in English, a smaller screen has 
been placed directly below the large screen, for the pr‘ 
jection of Chinese translations of the dialogue.—J/. ( 
Tweedell.* 


*Manager, Export Div., York Ice Machinery Corp., York, Pa. 
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HE Effective Temperature Scale presented’ to the 

AMERICAN Society OF HEATING AND VENTILAT- 

ING ENGINEERS by its Research Laboratory in 
1923, and the subsequent development? of the winter 
and summer Comfort Zones were assumed at the time 
to apply universally to indoor air conditioning, regard- 
less of daily variations in the outdoor temperature and 
the length of exposure of occupants to indoor condi- 
tions. In applying these findings to air conditioning in 
theaters and elsewhere, it soon appeared, however, that 
the information available was not adequate and _ that 
some consideration should be given to the temperature 
of the outside air. It was assumed as a result of prac- 
tical applications in the air conditioning field that rigid 
limits had to be applied to the moisture content of the 
indoor air in order to avoid sensible perspiration and 
other undesirable effects. Consequently there has been 
developed, largely through box office complaints in the- 
aters, a variable indoor summer cooling standard based 
upon the outdoor dry-bulb temperature, which has been 
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See also—The Summer Comfort Zone: Climate and Clothing, by C. P. 


Vaglogiou and Philip Drinker. (A.S.H.V.E. Transactions, Vol. 35, 1929, 
269). 
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used as a standard in the air: conditioning chapter of 
the A.S.H.V.E. Guipe since 1933. This variable 
standard is presented in Table 1,* and the range in 
allowable indoor cooling conditions for an outside dry- 
bulb temperature range from 73 F to 95 F is plotted, 
A-A, on the psychrometric. chart, Fig. 2. 

It will be noted that this»standard allows only a single 
definite moisture content or dewpoint temperature of 
the air, regardless of outside conditions, and a definite 
indoor dry-bulb temperature for any given dry-bulb 
temperature outside. Attempts to apply this standard 
in practice for different air conditioning applications and 
with different types of equipment have resulted in con- 
siderable chaos and dissatisfaction, resulting in the re- 
submission of the study to the Society’s Research 
Laboratory. 


Desirable Indoor Air Conditions in Summer Corre- 
sponding to Outdoor Temperatures’ 


Table 1 


(Applicable to Exposures Less Than 3 Hours) 








Ourtpoor Temp. | INpDOor Air Conpitions witu Dew Potnt Constant 


ea 


(Dec F) | at 57 F 
Dry-BuLs Dry-Bu.s | Wer-BuLe Errective Tempe. 
95 - ho. ae 73 
90 | 78.0 64.5 72 
85 76.5 64.0 71 
| 
80 75.0 63.5 70 
75 73.5 63.0 69 
70 72.0 62.5 68 


| 
| 





°A.S.H.V.E. Guipe, 1935, Chapter 2, Table 2, p. 48. 
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In making the study, five students of the University 
of Pittsburgh acting as subjects judged their feelings 
of warmth in various atmospheric conditions in the psy- 
chrometric rooms of the Research Laboratory, located 
in the Pittsburgh Experiment Station of the United 
States Bureau of Mines. While the results of the study 
are not entirely conclusive as regards all phases of the 
subject, they are particularly conclusive in demonstrat- 
ing that the effective temperature of the indoor condition 
is of much greater impottance than the moisture con- 
tent of the air inside, or the dry-bulb temperature of the 
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ELAPSED TIME — MINUTES 
Fig. 1—Average reactions of five subjects after entering 


various cooled conditions with moderate relative humidity 


atmosphere outside. It is shown that air conditions 
ranging from 70 or 71 deg to 74 or 75 deg effective tem- 
perature give a feeling of comfort, as far as warmth 
is concerned, over a wide range of moisture content 
throughout the summer months, regardless of the pre- 
vailing outside temperature on any particular day. 


Test Arrangements 


One of the psychrometric rooms of the Laboratory, 
fully described in an earlier report,’ was arranged so 
as to accommodate five subjects without crowding and 
without their being subjected to undesirable variations 
in temperature, moisture content or motion of the air. 
Any condition desired for summer cooling between 30 
and 90 per cent relative humidity could be maintained 
with ease. Relative humidities as low as 20 per cent 
could be had with greater difficulty, when it was neces- 
sary to reduce the occupancy of the room to two subjects. 

Five male students between the ages of 19 and 23 years 
served as subjects. Examination showed them to be 
normal as regards their body temperature, pulse rate, 
respiration and other physiological reactions which might 
affect their temperature regulation under various atmos- 
pheric conditions. The clothing worn consisted of ath- 
letic underwear, light-weight shirt with collar attached, 
tie, light socks, low shoes, light-weight summer coat, and 
light flannel trousers. Prior to most of the tests the 


subjects were exposed to prevailing outside air condi- 
tions without being shaded from the sun for a period of 
entering the test 


one-half hour or more before 
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chamber. During the latter part of this period they 
walked 4% of a mile and immediately before entering 
they individually recorded their feeling of warmth and 
the degree of perspiration on their face and body. Their 
feeling of warmth was graded according to the follow- 
ing arbitrary numerical scale: (1) cold; (2) too cool 
for comfort; (3) comfortably cool (not particularly 
uncomfortable, but a condition such that if the subject 
had a choice he would choose a somewhat warmer con- 
dition) ; (4) ideally comfortable as far as the feeling of 
warmth is concerned; (5) comfortably warm (not par- 
ticularly uncomfortable, but a condition such that if the 
subject had a choice he would choose a slightly lower 
temperature) ; (6) too warm for comfort; (7) too hot. 
Perspiration was graded according to the following arbi- 
trary numerical scale: (0) forehead or body dry; (1) 
forehead or body clammy (moist but not covered with 
visible perspiration) ; (2) forehead or body damp (per- 
spiration just visible) ; (3) forehead or body wet (sweat 
covering the surface or standing in beads or drops) ; 
(4) perspiration on the forehead runs down or perspira- 
tion on the body runs or wets through the clothing. 

Immediately upon entering the psychrometric cham- 
ber, and at frequent intervals thereafter, the subjects 
again recorded their individual feelings of warmth and 
the degree of perspiration found on their body. The 
subjects also observed and recorded their rectal tem- 
perature, pulse rate and any other observations con- 
cerning their feeling in or reactions to the atmospheric 
conditions. These observations were all made and re- 
corded by each subject without discussing them with 
anyone else. One observer was engaged throughout the 
test in maintaining desired atmospheric conditions, mak- 
ing a record of same, and observing any other unusual 
circumstances pertaining to the test. 

For most tests the atmospheric conditions were chosen 
beforehand and maintained constant for a half hour be- 
fore the subjects entered in order to have the walls in 
equilibrium with the atmosphere. This condition was 
then maintained throughout the test, which usually lasted 
three hours. For several tests the subjects were brought 
into the psychrometric chamber in which a constant air 
condition was maintained for a sufficient length of time 
for them to become in equilibrium with it, after which 
the atmospheric condition was changed slowly and uni- 
formly so as to follow a predetermined path on the 
psychrometric chart. In these tests the rate of dry-bulb 
temperature change was not greater than 1 deg in 20 
minutes. When time permitted, the change in the atmos- 
pheric conditions was reversed and made to return to 
the starting point so as to complete a cycle when plotted 
on the psychrometric chart. In a few of the constant 
condition tests the subjects entered the cooled psychro- 
metric chamber, not from the outside, but from a second 
room. heated to a predetermined high temperature and 
humidity. This was done so that in several tests with 
widely different atmospheric conditions in the chamber 
the preliminary exposure to high temperature and th: 
resulting physiological reactions would be the same. 


Test Results 


During the early part of the study a number of tests 
were made in constant atmospheric conditions designe 
to give comfort in accordance with the present Guin! 
standards,* or with moisture content at some definit: 
percentage of relative humidity above or below thi: 
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standard. These tests proved that conditions dictated 
by the present GuipE standard invariably gave comfort, 
but wide variations in relative humidity also resulted 
in comfort provided the same effective ternperature was 
maintained. The results of five of these tests are plotted 
in Fig. 1. The feeling of warmth and degree of perspira- 
tion are plotted according to the scales given above. The 
body temperature is also given. 

The observations made just prior to entering the test 
chamber are plotted in all cases on the zero x axis. It 
will be observed that invariably the subjects felt very 
warm before entering and were perspiring in varying 
degrees. Immediately upon entering the cooled cham- 
ber a cool shock was usually experienced. However, this 
shock was of short duration, so that recovery to a feeling 
of comfort or warmer than comfortable was recorded by 


Heating - Piping 
aiAir Conditioning 


tn 
+ 
uw 


10 min after entering. Usually from 20 to 45 min were 
required for all subjects to reach a comfort feeling of 
(4) or comfortable. Sensible perspiration usually dis- 
appeared rapidly. In most instances a comfort feeling 
of (4) was experienced about the same time that sensi- 
ble perspiration disappeared. The body temperature 
upon entering was usually close to a degree above the 
generally accepted normal of 98.6 F as a result of the 
subjects walking in the high outside temperature. Upon 
entering the cooled room the body temperature invari- 
ably dropped slowly and in most cases reached normal in 
two or three hours. 

Fig. 2 shows the course followed and the reactions 
experienced by the subjects during the tests in which 
the atmospheric conditions were changed. The atmos- 
pheric conditions in the test chamber at the time of 
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Fig. 2—Psychrometric chart showing range of effective temperatures, giving tests made with varying air conditions 
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entry, the range of conditions over which the subjects 
felt comfortable, too cool, decidedly cold, too warm and 
too hot, as well as the conditions during which they 
showed sensible perspiration, are indicated in the chart 
according to the key. During the first hour of these 
variable condition tests the atmospheric condition in 
the test chamber was kept constant so as to allow the 
subjects to become in equilibrium with it. The data 
obtained during this adjustment period for several tests 
in which all subjects became comfortable are plotted in 
Fig. 3. 
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ELAPSED TIME-MINUTES 


Fig. 3—Average reactions of five subjects after entering 
various ceoled conditions with moderate relative humidity 


After the approximate boundaries of the comfort zone 
were established by the variable air condition tests, Fig. 
2, a few tests were made in various constant air condi- 
tions in the apparent comfort zone or near its boun- 
daries, in order to determine any variation in feeling 
upon entering such conditions from a hot atmosphere. 
Two series of such tests were made. In the first series 
tests were made in atmospheric conditicns of 76, 73, 70 
and 68 deg effective temperature and 85 per cent relative 
humidity, and tests at approximately the same effective 
temperatures but with relative humidity in the neighbor- 
hood of 30 to 40 per cent. All of these tests were entered 
fram a hot condition of 86 F dry-bulb and 81.5 per cent 
relative humidity, maintained with small variation in an 
adjoining room. Another series of four tests was made 
in conditions of 76 and 70 deg effective temperature with 
85 per cent relative humidity, and approximately the 
same effective temperatures but with relative humidities 
in the neighborhood of 30 to 40 per cent, all entered 
from a condition of 95 F dry-bulb and 81 F wet-bulb 
maintained in an adjoining room. The results of these 


tests at effective temperatures of 75 to 76 deg, 73 deg, 
70 and 68 deg are shown in Figs. 4, 5, 6 and 7, respec- 
tively. 

The subjects showed mixed feeling of comfort and 
too warm or too cold in conditions near the upper or 
lower boundaries of the comfort zone. 


Tests made near 
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the center of the zone usually showed entire agreement 
in the feeling of warmth ot the five subjects as soon as 
equilibrium had been reached. In order to show these 
relationships the individual feelings of the five subjects 
in tests 69 and 73 are plotted in Figs. 8 and 9. The 
average values for all subjects in these two tests are 
plotted in Fig. 7. 

A few pertinent facts concerning the 77 tests made 
during the summer are given in Table 2. The reactions 
of the subjects during the early part of the tests with 
changing air conditions are included. The tests are tabu- 
lated in the order of ascending effective temperatures of 
the air conditions. Besides the conditions of the atmos- 
phere within the psychrometric chamber during the test, 
and the atmospheric condition from which the subjects 
entered, the table gives the feeling of warmth experienced 
in preliminary condition before entering the air condi- 
tioned room, the lowest degree of feeling of shock imme- 
diately following entering, the elapsed time between the 
time of entering the psychrometric chamber and the time 
when all subjects became comfortable, and whether the 
subjects were warm or cool during the greater part of 
the time between entering and the time at which they 
reached comfort. Column 0 indicates whether the con- 
dition was warm or cool for comfort. Columns P and 
© give the degree of perspiration before entering the 
test chamber and the lapse of time after entering before 
sensible perspiration disappeared. 


Discussion of Test Results 


Inspection of the four tests made in constant condi- 
tions at 75 and 76 deg effective temperature, Fig. 4, 
shows that the average feeling of all the subjects never 
reached comfort for these effective temperatures either 
with low or high relative humidity. Actually, a mixed 
feeling of too warm and comfortable was indicated by 
the individual subjects in these tests. The two tests 
made at 85 per cent relative humidity show a greater 
persistence in the appearance of sensible perspiration than 
was the case in the low relative humidity condition. It 
should be noted, however, that the effective temperature 
was one degree higher in the 85 per cent relative humid- 
ity test. 

Inspection of the variable condition tests, plotted in 
lig. 2, shows a rather sharp division between reactions 
of comfort and too warm at about 75 deg effective tem- 
perature. Actually there is some overlapping as would 
be expected in data of this kind. Also there is a little 
tendency for the reactions felt by the subjects to lag, 
giving a feeling of comfort at a higher temperature when 
the air condition was changing to warmer, and lower 
when changing to lower temperatures. In no case, how- 
ever, was a feeling of too warm expressed as much as 
one degree effective temperature below 75 deg effective 
temperature, or of comfort by as much as two degrees 
above. The varying condition tests, plotted in Fig. 2, 
indicate clearly that sensible perspiration appears at 
effective temperatures but little higher than those at 
which a feeling of too warm is experienced. These 
tests indicate a perspiration line somewhere between 7( 
and 78 deg effective temperature, with considerable like 
lihood of sensible perspiration appearing when_ the 
effective temperature is 76 deg or higher. 

The constant condition tests, plotted in Fig. 1, and the 
variable condition tests, plotted in Fig. 2, indicate 
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Table 2—Test Data from Study of Summer Cooling Standards 
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> wv = eee 28. 
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” = = Fle|]Fe [*@jlrfjeylrel[*i|&§Sele geste sis go vid Best 
ons ) - ET|DBIWB| RH|DP| DB| WEIRHIA 8 5 Ess Se zlesa 38 aee2 
48 | 8-5-3535 | 10:10 AM |67.2 |73.8157.5 |37.0|45.5|76.0|G4.0|525| 56 25 20 WARM |O0.5)15 
44 | 7-3'-35 | 9:58 AM 168.0|73.5|58.5 |41.01486.0|75.0|704|800| 50 2.G ** | CooL //.0115 
40 | 7-29-35 | 10:29 A.M.168.6 | 73.5|G05 |47.5| 52.1 |74.9 167.21 680| 60 5.8 20 WARM |14)15 
43 | 7-30-35 | 1:0+ PM168.7|750) 56.0 | 35.0 |45.5 180.0 |62.2|36.5| 59 32 30 | WARM |0.5) 6 
24 | 7-17-35 | 10:06 AM.|686 |758 |60.6|47 | | 52.0 | 76.0 | 64.5|54.0 60 48 * % | COOL 2,12 
36 | 7-26-35 | 10:0F AM |689 |74.0/606|465|520|768)712)775| 58 32 10 | COOL |1.2)18 
23 | 7-15-35 | 0:01 AM.1C701|741 606 |46.0|52.0|770|670|G00| 48 25 20 WARM |1/.0/ 12 
45 | 7-31-35 | 1:32 PM.169.2| 760) 58013525 1450 |855|74.01650| S55 Ls GO | coo. |0.7/10 
26 | 7-18-35 | 10:00 AM 169.2 |74.7|608 |45.0|51.8| 79.0 | 688 |60.0 6.0 28 20 WARM |2.0/)25 
17 | 7-9-3535 |10:00 AM.|62+4 |73.5|630|57.0|570|A.7 |C80/71.0| 60 2.5 ** | CoOL |2.0}/0 
32 | 7-25-35 | 10:10 AM.1G2.5 | 74.9 [60.9 |45.0 |52.0|79.5 | 72.5 | 73.0 62 2.6 30 WARM L4,1F5 
28 | 7-19-35 | 10°00 AM.|69.5 | 75.0 |60.9 |44.0|520|80.0/71.5|670| 64 2.6 20 | WARM /1.8/25 
11 | 72-35 |10:0+ AM [62.7 174.0163.) |560|570|765|6B0\660| 60 40 ** |coo. /i.eles 
15 | 7-8-35 |10:15 AM.|628|74.21652| 55.0|570|770| 70.0|71.0 57 38 * * COOL |08/;25 
6 | G27-35 | 10:54 A.M 169.8 |73.8 163.1 |57.0| 570 | 76.0 |c8.5 169.0 G4 57 40 COOL |2.3|45 
31 1 82-35 1:33 PM 1G9.8 | 75-7 |G1.0 143.0 | 51.8 | 82.5 | 72.2 |GI.0 56 28 20 WARM 0.6),15 
3@ | 7-25-35 |10:00 AM.169.9 |74.3165.1 |55.0|57.01775|7251|79.0| S52 30 20 | WARM /1L2/)15 
& | @2B-35 | 11:32 AM|70.0 | 744/635 | 55.5 |57.0|800)71.0\e50| 70 4.0 ** | CooL |2.5|40 
49 |8-5-35 1:3 PM.170.0 | 76.2.|GI.0 |42.0| 51.8 | 858 | 67.0 |42.0 6.0 23 4+ WARM |0.8|30 
21 | 712-35 | 10:16 AM1700 | 760)61.0 |42,0/51.0 |838171.0|4.0| 6.0 3.0 45 |Coor. |2.0\25 
13 | 7-35-35 |10:10 A.M.1700 | 74.6163.2 | 55.0|57.0| 78.0 |69.0|64.0 6.0 3.0 40 |cCooL {2.1/30 
9 1 7-1-3535 [110+ AM.170.0 | 74.6163.3 155.01 57.0 | 785 | 654 |50.0 7.0 3.0 ** COOL |2.6|290 
65 | 8-27-55 | 10:40 AM. 170.0 |76.3|604 |40.0|50.0 |86.0 |8/.1 |gI.5| 69 1.8 30 |COOL |5.0|38 
64 | 68-2635 | 1:29 PM|70.0/7)4|682 |85.0| C66 (B60 \8i.1 |81.5| 70 LS S52 |coor. |3.2/38 
52 | 8-8-3535 [10°10 AM 170.1 |75.5 165.1 |65.0165.5|73.¢ 168.0 168.0 4.5 34 10 COOL 0:0; 00 
18 | 7-10-35 1°29 PM.|70.) | 762)61.0 142.0) 51 5) 84.01 71.5 | 55.0 70 26 50 WAR M 3.2140 
19 | 7-H-35 9:59 AM. 170.2 | 75.0|63.5 | 53.5 | 57.0 | 80.0 | 70.0 |61.5 60 2.5 30 WARM 1L61,25 
47 | 8-2-3535 | 10:04 AM. 170.0 | 74.8/63.0 | 52.5 | 56.0 | 79.2 | 72.5 |73.0 62 24 30 WARM |201| 33 
37 | 7-25-35 | V:35 AM1|704 |765)61.2142.0/51.5|850)7251550| 66 24 50 | WARM {2.0| 354 
54 |8-i2-35 | [0:09 AM|704 | 751 |63.3 |52.5 |570 4.8 3.3 12 COOL 0O4;10 
53 |8-9-35 |10:25 AM 1705 |770)|609 | 395|50.0|750 |G2.0 | 750 4.3 3.0 12 COOL 0.0} 00 
7 |G627-35 | 2:4 PM /1705|753 | 6356 |53.0 | 570 | 81.0 | 69.0 | 550 64 4.6 « *® | COOL 1.6,15 
27 | 7-18-35 1:35 PM. 170.7177 |Gl.2 |40.5| 51.1 | 87.0 | 72.0 |4680 68 1.8 20 COOL 22135 
30 | 7-22-35 |10°:00 AM |70.7| 741 |660|670)625|768|720|792| 46 24 ** | COOL O44] 8 
54 | 7-24-35 |10°04 AM 170.9 |744 [660 1660 |62.0 | 778 | 72.5 |78.0 5A 3.) 20 WARM 1.o1I1s 
33 | 7-23-35 1:28 PM |71.0|74.7|660 |65.0|61.8|790|754|775| S54 26 30 WARM 1|1/.0//2 
10 7-1-3535 | 2:30 PM. 171.2 | 765 164.0 | 50.5 | 57.0 | 85.0 | 65.0 | 34.0 62 5.0 80 WARM 1.6|35 
12 |7-2-35 1:39 PM 171.2 | 76.5 |64.0 | 50.5 | 57.0 | 850 | 71.0 |50.5 5.6 49 55 WARM 2.0) 30 
16 |78-35 1:44 PM. |71.2 | 765 |639 |50.0 |56.6 |B46 | 74.0 |61.5 6.5 55 WARM 1.8|40 
39 |7-&-35 1:50 PM171.2 1765 G41 |51.0157.0 |83.0|73.0|630| 60 34 55 | WARM 14125 
4 IPs ss 1:45 PM. 171.4 | 768 164.1 |50.0 | 57.0 | 860 | 7/ 8 | 50.0 60 4.5 40 WARM 2.1) 55 
22 17-12-35 | 2:00 PM 171.6 |78.5 162.0 | 57.5 | 52.0 191.0 |75.0 1430) 65 30 40 | CooL 1.5|40 
20 | 71-35 1:34 PM. 71 8 1774 164.3 | 50.0 | 57.0 | 88.0 | 4.2 | 530 68 26 55 WARM 2.2120 
29 | 7-19-35 1:50 PM |71.8] 77.5|643 149.5 | 57.0 | 88.5 | 71.0 |43.0 6.6 2.2 50 WARM 1.6|30 
41 | 7-29-35 1:30 PM 171.9 |759 1665 |61.5 1620 |83.0/685 1480] 62 4.6 50 | WARM 1.6125 
35 | 74-35 1:34 PM. |724 | 768 | 67.0 | 61.0 |62.0|85.0| 744 |61.0| 54 24 20 | CooL 1.0);15 
25 | 7-17-35 | 30 PM 172.5 1769 |670 |61.0 |620)860)|720)\510| G0 2.G 40 WARM {1.2130 
63 | 8-26-55 | 10:35 AM |73.0|%#6| 71.2 | 850 | 697/800 |Si.1 |8I.5) 7.0 LS 52 |WARM |26| +44 
66 | 8-27-35 1°30 PM 173.0 | 81.9 161.4 |30.0 1475 86.0 |S! | |81.5| G8 24 50 | WARM 3.0} 32 
67 1828-35 | 10:25 PM. |75.0 |85.9 148 | 3550 | 53.5 | 860 | 81.1 |81.5 6.6 26 * * WARM 2.7 | 3+ 
74 | 9-3-3535 1:44 PM.|750 |851 1632 |29.0 |494 |950 |800/525) C9 rb * ®* | WARM 3.2140 
70 | 829-55 1:40 PM.17601779|AZ | 65.0| 750 |860/ 81.1 |8i5| 68 3.3 *” * | WARM 5.0| Gt 
72 | 8-30-35 25 PM. 176.0 |7Z79 |7#2 |85.0|750 | 950 |800)5S25| 70 3.3 * WARM 3.6) 52 
S56 | 8-15-35 |10:24 AM 1762 | 640 | C62 |45.0| 000 50 SF + WARM 1.0170 
58 | 8-19-35 |10:05 AM 177.0 | 86.5) G75 | 375 | 570 4.8 6.0 * ® | WARM 0.2 |\80 
* ExposuRe PREVIOUS TO ENTERING THE TEST CHAMBER WAS IN A SECOND CONDITIONED ROOM. 
FEeuine OF comrort NEVER REACHED. .CoLtumMN “O” INDICATES WHETHER TOO WARM OR TOO CooL. 
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Fig. 4—Average reactions of five subjects after entering cooled 
conditions of 75 E. T. and 76 E. T. with low and high relative 
humidity 


considerable likelihood of a feeling of coolness when the 
effective temperature is below 70 deg. This boundary 
of the comfort zone is, however, not quite as sharply 
indicated by the tests as is the upper limit of 75 deg 
effective temperature. Some tests show all subjects to 
be comfortable at 68 deg effective temperature, while in 
some instances comfort was not reached even at a little 
above 70 deg effective temperature. There is a rather 
persistent tendency shown by the data for a feeling of 
comfort to be recorded at a lower effective temperature 
with low relative humidities than at high relative humid- 
ities. The study indicates that a feeling of comfort may 
be expected at an effective’ temperature 1 deg lower at 
about 30 or 40 per cent relative humidity than at 85 per 
cent relative humidity. 

With very few exceptions, tests made in either con- 
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Fig. 5—Average reactions of five subjects after entering cooled 
conditions of 73 E. T. with high and low relative humidity 
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Fig. 6—Average reactions of five subjects after entering cooled 
conditions of 70 E. T. with high and low relative humidity 


stant or varying atmospheric conditions show that the 
subjects quickly experienced a feeling of comfort when 
the effective temperature ranged from 70 to 75 deg. In 
most tests made in conditions within this range, and more 
particularly within a range of effective temperatures 
from 71 to 74 deg, the subjects showed complete agree- 
ment in their feeling of comfort as regards warmth. As 
the limits of this range on either side are approached 
or passed, agreement was not so certain. This is brought 
out in Figs. 8 and 9, which give the individual feelings 
of warmth of the subjects in tests 69 and 73 at an effective 
temperature of 68 deg. The average results for the sub- 
jects in these tests are plotted in Fig. 7. 


Discussion of Observations Made During the Study 


Cool Shock on Passing From a Warm to a Cooled 
Atmosphere: 


The study shows a universal feeling of coolness upon 





T r T 

| Test NO | 68/| 69 | nm | 73 
PREVIOUS DB 860 6 860 | «950 | «950 
CONDITION WB. 81./ er. 800 | 800 
RH 81S BIS | S25 | 525 
INSIDE 08 .7%44 | 693 | 693 | 742 
CONDITION ET 68.0 | 68.0 680 680 
we 569 066.1 ea: | 573 
RH 330 | 850 850 | 350 

oP 432 | 645 | 645 | 445 | 











4 100. 
= w 
> 2 thet BODY TEMP. . 

I 73 4 

6 eh +. —— = -—+ ood 

A TTT f 
, 2 
~ 
68 - 
} 4 498 
































° to re) ' 
ELAPSED TIME - MINUTES 

Fig. 7—Average reactions of five subjects after entering coole: 

conditions of 68 E. T. with high and low relative humidit) 
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entering a cooled atmosphere from a hot con- 
dition. Table 2 shows that this varied for the 
different subjects in the different tests from a 
sensation of too cold or (1) to one of comfort 
or (4). On rare occasions no shock what- 
ever was experienced. Invariably where the 
shock was experienced it had disappeared 
within 10 min. Figs. 8 and 9 show that the 
individual reactions of the subjects during this 
period were quite variable. This shock was 
experienced by the subjects without discom- 
fort. While the condition felt cool, the con- 
trast with the hot condition was pleasing 
rather than uncomfortable in most instances. 
In this connection it should be kept in mind, 
however, that the subjects were all young men 
with strong vitality and that the contrast upon 
entering a cooled atmosphere might be quite 
different for an older person having a lower 
vitality. Neither the magnitude or the dura- 
tion of the shock bears much relation to the 
atmospheric condition maintained or its con- 
trast with the previous condition, but appar- 
ently depends upon the degree of sensible per- 
spiration present upon entering. 

The shock upon entering a cooled atmos- 
phere from one of higher temperature is usu- 
ally considered psychological rather than phys- 
ical or physiological. It can, however, be 
easily explained on a purely physical basis. 
When an average sized person is in a high 
temperature atmosphere, say 95 F dry-bulb 
and 80 F wet-bulb, earlier laboratory studies* 
show that he will dissipate a total of 398 Btu 
of heat per hr, 52 Btu being eliminated as 
sensible heat by radiation and convection, and 
346 Btu as latent heat of evaporation. In order 
to make this higher rate of evaporation pos- 
sible, the body secretes perspiration at a suf- 
ficient rate to keep the body visibly wet. 
Under this condition evaporation is rapid; in 
fact, sufficiently rapid to take care of the 346 
Btu of latent heat referred to. Sensible heat 
loss is reduced to 52 Btu by the small differ- 
ence between the temperature of the surface 
of the body and the atmosphere. If this per- 
son suddenly passes into an atmospheric con- 
dition of 74 F dry-bulb and 64 F wet-bulb, 
the earlier laboratory findings* show that his 
sensible heat loss increases to 275 Btu per 
hr under normal conditions and latent heat 
decreases to 125 Btu per hr. Under the ab- 
normal condition resulting from the sudden 
‘hange, however, the body is wet with per- 
spiration and the latent heat loss continues at 
the higher value of 346 Btu per hr, making a 
total of latent and sensible heat loss upon 
entering the cooled atmosphere of 621 Btu, 
which naturally gives a sudden cool shock. 
lt is natural, therefore, that the cool shock 
upon entering a cooled atmosphere from a 


‘Heat and Moisture Losses from the Human Body and 
heir Relation to Air Conditioning Problems, by F. C. 
oughten, W._W. Teague, W. Ed. Miller and W. P. Yant. 
\.S.H.V.E. Transactions, Vol. 35, 1929, p. 245). 
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Fig. 9—Reactions of five subjects after entering 
a condition in which they became comfortable 








550 mena GS Section 





hot one should depend more upon the condition of the 
body, including the perspiration thereon at the time of 
the change, than on any other factor. A study of skin 
temperatures during this transition would be very inter- 
esting and is recommended as a part of a continued study 
of this phase of the subject. 


Relative Humidity Limitations: 


Considerable confusion exists regarding the effect of 
relative humidity on the comfort of occupants of space 
cooled during the summer. Sufficient time was not avail- 
able during the summer to make a comprehensive study 
of small variations in reactions to small differences in 
relative humidity. This phase of the study should receive 
further attention by the Laboratory in a continued study 
of the entire subject. The observations which were pos- 
sible during the study of feeling of warmth indicate rather 
conclusively, however, that relative humidity over a con- 
siderable range is of much less importance than had been 
supposed. In fact, the study indicates that a person 
having no knowledge of atmospheric conditioning in 
general and of the particular conditions pertaining around 
him seems to have little conception of the moisture con- 
tent of the air. There was a tendency for those subjects 
in this classification to interpret as humid any hot condi- 
tion where they perspired freely. Some such reactions 
were recorded when the relative humidity was actually 
as low as 30 per cent. A person more accustomed to 
air conditioning seems to judge the relative humidity of 
the air in which he is located more by the feeling of 
clothing and other objects outside of his body, rather 
than by sensations resulting from contact between his 
body and the atmosphere. 

If high relative humidities are to be avoided it should 
be on account of their effect on objects within the occu- 
pied space, rather than due to any feeling of the occupants 
themselves. At 85 per cent relative humidity the feeling 
of paper and the way it handles is greatly affected, par- 
ticularly when the dry-bulb approaches or exceeds 75 F. 
Colored drawing pencils used by the subjects in plotting 
data during the tests tended to become soft and unusable, 
carbon paper used in the typewriter became soft and 
smudgy, and attempts to erase on typewritten sheets 
resulted in a smeared appearance. 

Atmospheric conditions with relative humidities in 
the neighborhood of 20 per cent and around 75 deg 
effective temperature occasionally gave a dry burning 
sensation immediately after being entered, particularly 
when entered from a cooler condition. This sensation, 
however, quickly disappeared and probably resulted from 
lack of immediate physiological adjustment in the secre- 
tion of perspiration upon entering this condition from 
one where a lower rate of secretion of invisible perspira- 
tion was required. A person who does not perspire 
easily may have erratic sensations of warmth in these 
conditions. This sensation is never experienced when 
the conditioned space is entered from one sufficiently 
warm so that the body is perspiring sensibly. As a 
result of the study made during the past summer, it 
appears that no limitation need be placed on relative 
humidities between 30 and 60 per cent and that there 
is a possibility that further study may further expand 
these limits. Continued study of this phase of the sub- 
ject is strongly recommended. 
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Sensations Upon Leaving a Cooled Atmosphere: 


A marked reaction is always experienced upon leaving 
a cooled atmosphere and re-entering the outside high 
temperature atmosphere. The experience of those tak- 
ing part in the study during the past summer indicated 
that this reaction is of rather short duration. The sensa- 
tion seems to be one of burning heat on the surface of 
the body, particularly where it comes in direct contact 
with the atmosphere. The men acting as subjects fre- 
quently observed a particularly burning sensation of the 
skin on the face, hands and on the lower part of the legs. 
This sensation disappeared after from 5 to 20 min. It 
probably results from a lag in establishing perspiration 
at a sufficient rate to take care of the higher rate of 
evaporative cooling required in the warmer atmosphere 
where sensible cooling is reduced. 


Variations in the Indoor Cooling Standard with Outdoor 

Temperature: 

A great deal of attention has been given in recent 
years to variations in the dry-bulb temperature of indoor 
cooled conditions with variations in the daily outside 
temperature. The time available during the short sum- 
mer period did not permit an intensive study of this 
phase of the subject. Such observations as were made 
did not, however, indicate any wide variation in comfort 
at any given effective temperature depending upon the 
outside temperature prior to the subjects entering thre 
test chamber. 

Probably of greater importance is the question of varia- 
tion in the desired indoor conditions with the average 
daily maximum temperature throughout the summer sea- 
son in any particular latitude. In this connection it is 
frequently assumed that because of the higher average 
daily maximum temperature in southern districts a higher 
effective temperature should be maintained indoors. Con- 
sidering the fact that the comfort zone moves from a 
range of 63 to 70 deg effective temperature to a range 
of from 70 to 75 deg effective temperature for the latitude 
of Pittsburgh between the period of winter heating and 
summer cooling, it is natural to suppose that there will 
be a further change with more severe summer conditions. 
It should be observed from the data plotted in Fig. 2, 
however, that if the comfort zone moves much higher 
with more severe summer conditions the perspiration line 
must also move upward. Data are not available to indi- 
cate whether this is true or not. This phase of the 
subject should receive further study both in Pittsburgh 
and in some southern city where the average daily max- 
imum summer temperature is higher. 


Summary 


The study indicates rather conclusively that the aver- 
age person will become comfortable within from 20 to 40 
min after entering any atmospheric condition within an 
effective temperature range of 70 or 71 deg to 74 or 75 
deg. Within this range no appreciable variation was 
observed in the magnitude or the duration of the cooling 
shock with either the relative humidity of the cooled 
condition or the severity of the previous condition. Also, 
little variation in the rate of disappearance of sensibie 
perspiration was observed for relative humidities up to 
65 per cent ; for relative humidities as high as 85 per cent 
there seem to be some increase in the length of time 
necessary for the complete disappearance of sensible 
perspiration. 














ubjective Reactions of Human Beings 


To Certain Outdoor Atmospheric 


Conditions 


By C.-E. A. Winslow! (MEMBER) 


New Haven, 


Sources of Basic Data 


HE study here reported was primarily undertaken 

in the attempt to discover whether any subtle and 

hitherto unrecognized climatic factors might exert 
a demonstrable effect upon subjective reactions as to the 
pleasantness or unpleasantness of the outdoor atmos- 
phere. Data on this point were supplemented by a study 
of daily variations in the incidence of illness. The basic 
data utilized may be summarized as follows: 

1. Records taken at 8:00 a.m. of air temperature, temperature 
change from preceding day at the same hour, relative humidity, 
sunlight (expressed in percentage of full sunshine for the hour 
8-9 a.m.), sunshine change (as compared with the same hour 
on the preceding day), wind movement, barometer, and baro- 
metric change (as compared with the same hour on the pre- 
These data, for all week days for the period 
inclusive, were courteously 


ceding day). 
December 1933 to February 1935, 
furnished by Director Cornelius Doherty, of the United States 
Weather Bureau Station at New Haven. 

2. Records of ions present i the air outside the John B. 
Pierce Laboratory in New Haven at 9:00 a.m. each morning 
from January 1934 to February 1935, inclusive. These data 
have been discussed from a physical standpoint by Gagge and 
(1935)° with a description of the apparatus and 
methods used. For the purpose of the present paper the values 
are grouped according to sign and size of ions. We have 
classed as Light Ions those collected by the counter at a thresh- 
old of 0.07 centimeter per second; volt per centimeter. This 
procedure collects all the ions having a mobility above the 
value stated, with a considerable proportion of the large ions 
as well. Only one-fifth to one-half of the ions measured are 
actually of a mobility below 0.07 centimeter per second; volt per 
centimeter, but the Light Jons group is generally comparable 
with the results obtained by Yaglou and his associates ( Yaglou, 
Jenjamin and Choate, 1931; Yaglou, Brandt and Benjamin, 
1933),* but with somewhat more large ions than he obtained. 
The Total Jons include all those with a mobility greater than 
0.0006 centimeters per second; volt per centimeter. 

3. For the whole period of the study we obtained from a 


Moriyama 


‘Director, John B. Pierce Laboratory of Hygiene. 
“Asst. Director, John B. Pierce Laboratory of Hygiene. 
*Gagge, A. P., and Moriyama, I. M. 1935. The Annual and Diurnal 
ariations of Ions in an Urban Community. Journal of Terrestrial Mag 
tism and Atmospheric Electricity, 40, 295. 
*Yaglou, C. P., Benjamin, L. C., and Choate, S. P. Changes in Ionic 
Content of Air in Occupied Rooms Ventilated by Natural and by Mechani- 
| Methods, A.S.H.V.E. Transactions, Vol. 38, 1932, p. 191. 
Yaglou, C. P., Brandt, A. D., and Benjamin, L. C. 1933. Observa- 
tions on a Group of Subjects Before, During and After Exposure to 
lonized Air. Journal of Industrial Hygiene, 15, 341. 


or presentation at the 42nd Annual Meeting of the American Society 
HEATING AND VENTILATING ENGINEERS, Chicago, Ill., January, 1936. 


and L. P. Herrington? 


551 


(NON-MEMBER) 


Conn, 


group of volunteers in New Haven an expression of their gen- 
eral reaction to the outdoor weather conditions as those con 
ditions affected them on their way to their offices in the morn- 
ing. Each person willing to aid in this study was provided 
each week with a record form ruled with five spaces for each 
day of the week (except Sunday), headed respectively | ery 
Pleasant, Pleasant, Indifferent, Unpleasant, and Very Unpleas- 
ant. They were asked to “indicate simply by a check their 
reactions to the weather in the proper column.” Reports were 
obtained from 40-100 persons on a given day. On Saturdays the 
group occasionally dropped to 30, but the number of votes per 
day for the whole period averaged 80. It is. desired to ex 
press special appreciation to the Security Insurance Co., The 
Southern New England Telephone Co., and the 
of Public Health of the Yale Medical School for their coopera 


Department 


tion in securing these volunteers. 

For the purpose of analysis we have numbered the five pos 
sible votes by decades from 10 to 50, 10 corresponding to | ery 
Unpleasant and 50 to l’ery Pleasant. 
means a pleasurable reaction. 


A high value, therefore, 
It was very clear from examina 
tion of the figures that whatever this expression of sentiment 
meant, it did represent a subjective reaction which was quite 
definite and quite consistent within the group. In order to 
test this consistency the total group for a sample period of two 
months was divided into two sub-groups according to sex. The 
females for this 


correlation between votes of the males and 


period was 0.936 with a probable error of 0.012. Therefore, 
it is clear that a very real subjective phenomenon was being 
dealt with, influenced only to a minor degree by individual varia- 
tions, and unaffected by sex. 

4. Through the courtesy of the Southern New England Tele- 
(Mr. 
daily absences, classified according to cause as reported by the 
1933-March 1935. The 
population covered included about 1400 employees of the Com 


phone Co, Edward Dejon) records were furnished of 


individual, for the period December 


pany in the New Haven area. Through the courtesy of Dr. 
Leonard Greenburg, Health Officer of the City of New Haven, 
records were provided of school absenteeism, similarly classified 
for the period 1934-March 1935. This 
school population of about 35,000. 


December covered a 
The mean monthly averages of data as to meteorological con 
ditions, ions and votes as to pleasurableness are summarized in 


Table 1. 
Fundamental Meteorological Data 


As a background for the studies a word should be said 
as to the basic meteorological conditions which prevailed 
in New Haven during the period of observation. The 
monthly mean values in Table 1 show that the winter 
of 1933-34 was an unusually cold one with a mean tem- 
















— 
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Table 1—Mean Monthly Values for Basic Meteorological Data, 
Ion Counts, and Votes as to Pleasurableness (8-9 A. M.) 


Ions PpFr C.C. 


Ret. | ——, 

Humip- Sun WInNpD Licur Licgut Torat Tota 

Temp. ity SuHineé Mites Bar. Posit- Neca- Posi- Neca- 

Montnu Votre, F % Y% PERHR MM TIVE TIVE’ TIVE TIVE 

Dec. ’°33 26 26 71 27 10 762 

Jan. '34 23 27 75 22 9 763 396 224 11100 £12100 
Feb. 24 13 67 36 11 767 351 287 12500 13650 
Mar. 21 33 71 50 10 770 287 285 11740 12180 
April 21 48 73 57 9 7€5 303 273 ©8900 8930 
May 22 57 70 41 7 763 #391 251 6980 7530 
June 22 67 71 45 8 760 516 204 4830 5040 
July 22 72 73 49 7 762 642 108 6060 5080 
Aug. 20 66 71 54 7 764 337 263 5720 5910 
Sept. 24 59 78 23 S 760 252 143 5840 5890 
Oct. 20 50 73 47 9 7€3 448 324 10100 12250 
Nov. 25 4 80 45 10 765 366 305 11400 12290 
Dec. 24 23 68 33 10 764 319 248 10880 10780 
Jan. 1935 26 23 68 46 9 766 345 286 12970 13760 
Feb. 23 26 72 46 9 762 307 236 11320 13550 


perature of 13 F, for the whole month of February, 1934. 
On two days in December, 1933,° and on one day in 
February, 1934, temperatures below zero were recorded 
(—8 deg, —© deg and —14 deg respectively). During 
February, 1934, only six days showed temperatures over 
20 deg and the maximum was 34 deg. During the three 
months’ period (December-February) temperature 
changes from one day to another (in both cases at 8:00 
a. m.) were often marked. In December, 1933, there 
was one increase of 27 deg. In January there were two 
increases of over 20 deg (22 deg and 23 deg), and two 
decreases of over 20 deg (22 deg and 32 deg). In 
February there were three increases of over 20 deg (24 
deg, 26 deg and 30 deg) and one decrease of the same 
magnitude (32 deg). 

Relative humidity for these three months (December, 
1933-February, 1934) averaged between 67 and 75 per 
cent and ranged from 31 per cent to 98 per cent. 
During the three months there were 11 values below 50 
per cent and 13 values above 90 per cent. The percent- 
age of sunshine averaged only 22 for 
January, 1934. Wind movement for 


“uO 
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(50 per cent), April (57 per cent), and August (54 per 
cent). Wind movement for the summer months aver- 
aged 7-8 miles, with only one or two days a month over 
10 miles. In July no day exceeded 11 miles. Relative 
humidity reached a peak in September and November 
(78 and 80 per cent respectively). In September only 
four days fell below 75 per cent. 

The winter months of December, 1934-February, 1935, 
were much milder than the corresponding months of the 
previous year, particularly February. 

The intercorrelations for the daily data for the period 
March, 1934, to February, 1935, inclusive, are summar- 
ized in Table 2. In this computation the first three 
months (December, 1933-February, 1934) are omitted, 
but separate correlations for each three-month period 
of the 15 months studied will be discussed later. With a 
basis of 300 days for computations, the probable error 
for various correlations is as follows: 


CorRELATION PROBABLE ERROR 


Pe ai scneresiubastwean ee 0.04 
MEE orb ktceeksds wendeenes 0.03 

 ntge Kane ae eee densases 0.02 
ME MesbaNees okbeeuecs Ves 0.01 


over are more than 
may be considered 


Therefore, all correlations of 0.15 or 
three times their probable error and 
statistically significant. 

Ignoring for the present the votes and ions, it will be 
noted that temperature is negatively correlated with the 
barometric reading, barometric change, wind and sun- 
shine, and is positively correlated with temperature 
change and relative humidity. Temperature change 
shows the same general relations but has a very high 
correlation with barometric change (—0.55). Relative 
humidity is positively correlated with temperature and 
temperature change, and negatively correlated with sun- 


shine (—0O.55), barometric change (—0.44) and sun- 


Inter-Correlations Between Daily Observations, March, 1934- 
February, 1935 
Licut Licut 
Temp. REL. Sun Bar. Post- NeGca- Tora 
Cuance Hm. Sun. Cuance Wino Bar. CHANGE TIVE TIVE PosiITIvE 
.26 
.20 55 
20 —.34 64 
15 ll 08 .02 
16 09 26 O07 11 
55 .44 43 .37 .00 34 
200 —.21 18 .10 .00 12 .16 
.18 24 13 .07 .08 .07 .22 .30 
16 .26 .20 13 .23 17 15 10 16 
Os 25 22 06 18 15 —.01 -.10 19 S84 


Basic Meteorological Data, lon Counts and Comfort Votes, according to Wind 


Values Given Represent Mean Excess for Given Period 


Table 2—Summary of 
the three months averaged 9-11 I ) 
miles per hour. On one day in 
January and two days in February - ‘ 
: - - ¢ i - OTE EMP. 
it exceeded 20 miles (21, 25 and 26 Teenie ~~ 20 
miles). Barometric changes were Temp. chg. 18 23 
often considerable. One day in Rel. Hum. ~— 
“-* 9 Sunshine .78 13 
January there was a drop of 21 Sun, ete. pa 
millimeters (as compared with the Wind 09 —.19 
previous day at the same hour), and tg ae = 
ail ar. chg. ‘ 8 
on two days in February there were a Bice 
increases of over 20 millimeters (22 Positive at 24 
A+ Lt. Ions 
: 5 
and 25 ). " ‘ Negative 03 16 
During the Spring the usual Total Ions 
changes occurred, rising tempera- Positive sa —s 
° ° . Total Ions 
ture, increasing sunshine, decrease Nes: 7 m - 
: , . Negative 4 36 
in wind movement, but no great 
average change in relative humidity. Table 3 
z able . 
Mean monthly temperature was Diadtien 
highest in July (72 deg). The 
maximum for this month was 81 
deg, the minimum 65 deg. Sunshine Pertop Vort 
Dec. °33-Feb. °34 0 


showed monthly maxima in March 


Mar.-May, ‘34 +3 

ae - . June-Aug. ‘34 5 
*To avoid repetition it should be noted that Sept.-Nov. °34 ~ 
all data here cited refer to 8-9:00 a. m., and Sep ¢- a. = ae : 
that Sundays are omitted from consideration. Dec. °34-Feb. °35 +2 





of Land-Wind Days over Sea-Wind Days 


REL. Sun WIND Licut Licut Torar Total 

Temp. HuMIDITY SHINE MILES Bar. Pos. NEG. Pos. NEG 
F % % PER HR MM Ions Ions Ions Ions 
9 Ss 16 2 7 90 100 — 4000 — 3200 
4 10 19 1 5 16 72 590 350) 
—3 11 19 0 2 29 38 900 wv 
4 11 8 0 3 15 —24 —8730 —650 

4 11 20 0 4 9 25 3600 —41' 
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shine change. Sunshine is positively correlated with 
barometer and barometric change, and negatively corre- 
lated with temperature change and relative humidity. 
Sunshine change is positively correlated with sunshine 
(0.64), and shows the same relations as sunshine to the 
other variables. Wind movement is negatively corre- 
lated with temperature and temperature change. Bar- 
ometer and barometric change are positively correlated 
with sunshine and with each other, and both are nega- 
tively correlated with temperature, temperature change 
and relative humidity. 

These relationships are all fairly obvious, but are 
merely reviewed here in relation to their mutual in- 
fluences on the sensations of pleasantness and the ionic 
content of the air. 

One other important problem of a basic nature remains 
to be considered ; that of wind direction. In New Haven, 
the important factor here is the neighborhood of Long 
Island Sound to the South. We have classed winds 
from the west, north-west, north and north-east as land- 
winds, and all others as sea-winds. The results of this 
analysis are presented in Table 3 by three-month periods. 

It will be noted that the figures in Table 3 are stated 
in terms of mean excesses of values for land-wind days 
over sea-wind days. It is apparent that the (northerly) 
land-wind days are always cooler and dryer and more 
sunny than the (southerly) sea-wind days. They were 
slightly more windy in Spring and had higher barometric 
readings. The effects on temperature were most marked 
in winter. The land-wind days were on the whole more 
comfortable except in the first winter quarter. 

Light ions were very slightly higher on land-wind 
days. Total ions were very markedly lower for the land- 
wind days in fall and winter. 


Ionic Content of the Atmosphere 


With this general meteorological background the new 
data obtained may be considered with respect to ionic 
content. 

The data in Table 2 for the year as a whole bring out 
certain general relationships, but the problem is, of 
course, greatly complicated by broad seasonal influences 
which it is important to distinguish from effects of day- 
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by-day variations. In Table 4 data are therefore pre- 
sented correlations between ionic content and various 
meteorological factors for each quarter as well as for 
the entire year. 

It should be noted that for a single quarter (of 75 
days) the probable error for various correlations is: 


CoRRELATION PROBABLE ERROR 


So Seer ar ee ere eye 0.08 
GA, ks. ccunesccsvehesdsowns 0.07 
il. - cv aieadek digueeeehwan 0.06 
Se. Vanethidnwne eadeaswess 0.05 
0.7 eS Ode cere nasneseneaee 0.04 
Sa. 2 aren die cecelne pi tere wie bales 0.03 
Me Ratdavegakecdusnctnns 0.01 


Therefore, for a single quarter, only correlations of over 
0.25 are statistically significant. 

In attempting to analyze the complex relationships 
involved, chief stress may be placed on total ions since— 
as pointed out above—the group of small ions as re- 
corded in the tables includes a very considerable and 
highly variable proportion of large ions. A detailed 
study of the actual number of small and intermediate 
ions is being made by determining the characteristic 
curves for each day’s observations (which were made at 
four critical thresholds). A general survey of Table 4 
makes it clear, however, that in general when the total 
ions are positively correlated with a given meteorological 
condition the small ions are negatively correlated with 
that condition, and vice versa. This is what one would 
expect from the findings of Wait and Torreson (1934)* 
that the number of small ions in the atmosphere is in a 
large degree controlled in inverse fashion by the number 
of large ions present. The fact that correlations between 
light ions and total ions do not appear in Table 4 may 
be explained by the mixed nature of our small-ion group 
and by the general tendency of factors tending to increase 
all classes of ions to mask the relative relationships in- 
volved. 

For immediate purposes, then, the study may be lim- 
ited to a consideration of total ions and also to ions of 
one sign since inspection of the table shows that both 


Large-Ion and Small 
Journal of 


*Wait, G. R., and Torreson, O. W. 1934. The 


Ion Content of the Atmosphere at Washington, D. C, Terres- 


Table 4—Correlations of Ionic Content with Various Meteorological Data by Seasons 


Temp. Ret. SunN 
Licut Ions Positive Temp. Cuc. Hum. Sun. Cue. 
March-May ........ +.20 —23 +.15 +.13 +.34 
June-August ....... —.02 —.29 —.03 +.17 +.04 
September-Nov. ..... —.27 —.39 —.45 +.22 +.06 
December-Feb. ...... 00 —44 —.03 —.02 —.03 
WE enebewenddenes +.24 —.20 —.21 +.18 +.10 
Licut Ions NEGATIVE 
March-May .......- —.20 —36 —.60 +.69 +.33 
June-August ........ —16 —0l —.12 +.11 —.04 
September-Nov. ...... —18 —16 —35 +.04 —.06 
December-Feb. ...... +.69 —-.37 00 +.75 +.13 
WO sbiccoendsedes —.16 —.18 —24 +.138 +.07 
Tora Ions Positive 
ae —40 +.23 +.29 —.25 —.31 
June-August ........ —03 —18 +.35 —.24 —.22 
September-Nov. ..... —20 +.33 +.11 —15 —.27 
December-Feb. ...... +.24 +.17 +.40 —.19 —.06 
RA ine ee ee —6§ +16 +98 +90 —2 
Tota Ions NEGATIVE 
March-May ........ —41 +.24 +.25 —.65 —.19 
June-August ....... —.20 —.04 +.07 —.O01 —.03 
September-Nov. ..... —.25 +.27 —.01 —.21 —.29 
December-Feb. ...... +.29 +.17 +.50 —.26 —.22 
Laenaee bd onan 3 +.0 +.25 —.22 —.06 


trial Magnetism and Atmospheric Electricity, 30, 111. 
LiGut LiGut 
Bar. Ions Ions Torar Toral 
WIND Bar, Cuc, Positive Necative lIons+ Ions 
+.14 .26 +-.08 +-.73 —.50 —.32 
+ 20 13 +-.19 +-.10 4. 07 02 
+-.11 .25 + .27 +-.53 +-.07 +-.20 
.19 +-.05 +. .08 +. 55 +. .33 + 30 
.00 12 +-.16 +-.30 —,10 —.10 
.30 + .03 +- .39 1.73 —.30 —,42 
+. O7 +. .05 + 21 +-.10 4. 37 —.15 
+08 .09 .00 +-.53 +-.34 +-.27 
20 +.13 +-.31 +- 85 +-.31 -+-.33 
+ .08 +-.07 +.22 +-.30 +-.16 4.19 
+.01 +.35 17 50 .80 +-.79 
4.21 +-.20 —.02 +-.07 +- 37 +-.03 
40 +. O1 .26 + .07 4. .34 L. 86 
57 +-.16 17 +-.33 +- 31 1. O5 
23 +-.17 —.15 —.10 +-.16 +- .84 
is +34 —.31 .82 —.42 +.79 
+-.05 +-.37 + .31 .02 15 —.03 
29 i —_if L 20 1. 97 1 86 
res es +-.30 1.33 195 
18 +-.15 —.01 —.10 -+-.19 +-.84 
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Table 5—Correlation of Total Positive Ions with Various 
Meteorological Conditions with Other Conditions 


Held Constant 


Factors Hretv Constant 


" 

3 es z 

is z al 

a - f= 

. w a _ a s ™ 

CORRELATION Zz > - z % ei 

witht 7 Pa Pv) z a PS 
Temperature ....... 34 43 40 39 —.31 
Rel. Humidity ..... + .26 + .37 +-.24 +.18 +.28 
MPEG. Sedweseekgees -.23 32 —.21 —.26 —.22 
Sunshine .......... 20 —.26 07 —.23 —.26 

Bar. Pressure ...... +-.17 + .07 + .20 +.15 +.24 


positive and negative total ions follow the same course. 
The correlation between total positive and total negative 
ions is between 0.79 and 0.95 for three of the four quar- 
ters, and is 0.84 for the year as a whole. In the summer 
quarter alone does this correlation fail. Furthermore, 
if one compares the quarterly correlations of the various 
meteorological factors with positive and negative ions 
respectively for the various quarters, one observes almost 
identical relations. 

The following relationships are strikingly apparent for 
both positive and negative total ions: 


Total ions increase 
1. With decrease in atmospheric temperature (except for 
winter quarter). 

With increase in relative humidity (except for negative 
ions in the fall quarter). 

3. With decrease in sunshine. 

4. With decrease in windiness (except for the summer quar- 


ve 


ter). 
5. With increase in barometric reading. 

In order to determine the relative significance of these 
five factors, partial correlations were computed which 
are presented in Table 5. 

It is clear that the correlation with sunshine is elimi- 
nated by holding relative humidity constant while the 
correlation with barometric pressure disappears when 
temperature is held constant. There remain three other 
correlations which are unaffected by holding other vari- 
ables constant. It may be concluded that the total ionic 
content of the atmosphere is highest on cool days, on 
days of high humidity, and on comparatively windless 
days; and that each of these tendencies is independent of 
the other two. All these phenomena are susceptible of 
reasonable explanation. The higher ionic content on 
cool days is consistent with the higher ion counts ob- 
tained in winter, and with the normal rise observed 
toward evening. When the air is cool the ions present 
tend to accumulate near the ground and furthermore, 
the tendency of ions to pass from the chimneys, surfaces 
and openings of warm buildings into the cool air would 
be. increased. That this phenomenon did not occur in 
the winter quarter (see Table 4) is surprising, but the 
number of observations for a single quarter necessarily 
yields unreliable results. 
The increase of ions on 


; : Table 6 
relatively windless days 
is, of course, to be ex- Temp. 
. . of — Temp. Cue. 
pected Sane wind, like Dec. °83-Feb. '84.... ——.12 27 
vertical air currents on Mar.-May °34 ...... .02 03 
warm days, would tend June-Aug. "34 ...... 08 —.07 
"= a : Finally Sept.-Nov. °34 ...... 36 41 
to ¢ isperse ions. nally, Dec. ’84-Feb. °35.... 38 26 
the increase of ions on Mar. °34-Feb. ’35.... —,04 .18 


Hum. 





November, 1935 





moist days suggests—as would be expected—that par- 
ticles of moisture vapor constitute a part of the ion pop- 
ulation of the air. 

It must be remembered that all these observations were 
made in a crowded city street with ample opportunity 
for contamination with ions from chimneys and auto- 


mobile exhaust. To determine how great this effect 
might be, check determinations were made on 16 days in 
October, November and December, 1934, on the top 
of West Rock, a hill 400 ft high and situated in reason- 
ably open country three miles from the Laboratory. 
After the regular determination had been made at the 
Laboratory, the ion-counter was taken out to the hilltop 
and connected with the vacuum line operating the wind- 
shield wiper cn an automobile, and a second determina- 
tion was made one or two hours after the first. On 10 
days the total ion count was higher at the Laboratory 
and on six days higher on West Rock. The averages 
for the 16 days were: 


Torat Ions Licut Ions 


POSITIVE NEGATIVE PosITIVE NEGATIVE 
Laboratory ...... 7900 8450 462 338 
West Rock . 6290 5160 448 547 


The total positive ions, as will be noted, averaged 
about 25 per cent higher in the city and the total nega- 
tive ions over 60 per cent higher than for the hilltop 
outside. The data obtained are therefore significant only 
for the city itself and not for the region as a whole. It 
was, of course, correlations with sensations of pleasure 
in the city which were of interest and such data are ob- 
viously of importance since so large a proportion of the 
human race does live in cities. 


Subjective Sensations as to Pleasureableness 


The analysis of results of the expressions of opinion 
as to the pleasantness of the outdoor weather conditions 
each day are of interest at this point. The correlations 
of expression of opinion with various meteorological con- 
ditions for each of the five three-month periods studied 
and for the complete calendar year March, 1934, to 
February, 1935, inclusive, are presented in Table 6. 

A general survey of the table brings out the following 
general relationships : 

1. The weather is more likely to be pronounced pleasant in 
fall and winter with decreased temperature, but shows no such 
relation in spring and summer. 

2. The judgment of 
with decrease in relative humidity (—.64 for the year). 

3. It increases still more markedly with increase of sunshine 
(+.78 for the year). 

4. It increases with decrease in wind velocity in two of the 
five quarters. 

5. It increases with rising barometer 
the year (+.18). 

6. It with a decrease in total 
(—.35 for the year). 


pleasantness increases very markedly 


(the mean value for 


increases ions of either sign 


Correlation of Various Meteorological Data with Votes as to Pleasantness of 


Atmospheric Conditions. By Seasons 


Ret. Sun Bar. Licut Ions Tota Ions 
Sun. Cue. Winn’ Bar. Cue. + 
29 +.51 +.28 32 + 06 +.39 
.66 83 +.59 14 + 07 +. .36 1. 92 441 29 19 
.79 75 +.46 26 -.22 +- .36 +09 .25 85 2 
66 78 +.48 —.08 + .31 +-.58 +.19 +.11 —.27 I 
-52 +.22 +.40 03 +.17 + .42 14 16 45 
.64 +-.78 +-.49 .09 +-.18 +.4] +.15 +-.03 .35 
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The absence of any correlaticn between the sensation 
of pleasureableness and temperature, except in the fall 
and winter months of 1934-35 is somewhat surprising. 
It is probably accounted for by the fact that votes were 
taken early in the morning when no extremely high 


temperatures occur. No doubt votes taken in the after- 
noon would have shown an inverse relation with tempera- 
ture in summer. It is also somewhat unexpected to find 
that in winter cold mornings were voted more pleasant, 
but the correlation can presumably be explained by the 
bracing effect of such mornings. It seems quite evident 
from the picture as a whole that the human body accli- 
mates itself (and clothes itself) in such a way that 
standards are rather closely adapted to the temperature 
to be expected at a given season. If this were not the 
case, there would be some correlation between the votes 
and temperature for the year as a whole. 

A significant negative correlation with wind velocity 
appears in two quarters, December, 1933-February, 1934, 
and June-August, 1934. No obvious reason appears for 
this relationship and it may be due merely to chance. 

It should be noted that in all the correlations so far 
presented, changes in temperature, sunshine and baromet- 
ric pressure, have been tabulated with regard to sign—a 
marked rise being placed at the top of the correlation 
table and a marked fall from the preceding day at the 
bottom. To check the possibility of variability, per se, 
correlations were also computed for the mean votes as to 
pleasureableness with regard to these variables, irre- 
spective of sign, and taking into account only the actual 
magnitude of deviation from the preceding day. The 
correlations obtained were —.00 for sunshine change, 
+.08 for barometric change, and +.03 for temperature 
change, none of them, of course, being statistically sig- 
nificant. 

There remain four correlations which are consistent 
and reasonably high throughout the year: a positive cor- 
relation with sunshine (and incidentally with sunshine 
change) ; a negative correlation with relative humidity ; 
a positive correlation with barometric change (and in- 
cidentally with barometric pressure ) ; a negative correla- 
tion with total ions. Partial correlations for these four 
variables are presented in Table 7. 





Cerrelation of Mean Votes as to Pleasantness with 
Various Meteorological Conditions with Other 
Conditions Held Constant 
Factors Hetp CONSTANT 


Table 7 


CORRELATION Sun- REL, Bar. Tora. 

WITH NONE SHINE Hlum,. Cus, + Ions 
PE ceenienaws 1.78 + .67 +.73 77 
Relative Humidity. . 64 40 56 61 
Barometric Change... +.41 +.01 +.19 +-.40 
fotal Positive Ions. 35 .32 —.25 —.32 


It appears evident that the correlation with barometric 
change is a secondary one since it disappears when sun- 
shine is held constant. The other three relationships 
seem to be primary and independent. 

It is clear that the dominant factor in the agreeable- 
ness of the weather is—as might be expected—sunshine. 
The zero-order correlation is about +.8 and is reduced 
only to about +.7 when relative humidity is held con- 
stant. The correlation with relative humidity is also 
areal one. Its zero-order value is —.6 which is still —.4 
when sunshine is held constant. In order to make sure 
that this phenomenon was not conditioned by reactions 
to days of actual rain, correlations for the 257 days on 
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which there was not even a trace of precipitation between 
8 and 9 a. m. were re-computed. The correlations re- 
mained essentially identical with those presented in 
Table 7. 

There remains the negative correlation with total ions 
which reveals an unsuspected relationship. The cor- 
relation is consistently negative, both for positive and 
negative ions at all seasons of the year. It is of the or- 
der of —.3 and is unaffected by holding sunshine or rel- 
ative humidity or barometric change constant. It should 
be emphasized that this phenomenon has nothing to 
do with the sign of the ions and lends no support to the 
theory of Dessauer that positive ions are objectionable. 
Indeed, since total positive and total negative ions show 
a mutual correlation of +.8, no separate influence of 
the two groups of total ions could be expected. It seems 
clear, however, that days on which the total ion content 
of the air is high are judged to be unpleasant, irrespec- 
tive of sunshine and relative humidity. Since the ions in 
city air are presumably largely made up of vapor par- 
ticles from heating plants, automobile exhausts and the 
like, it is believed that the observed correlation is most 
probably due to the effect of such substances in the at- 
mosphere. If this conclusion is justified, it gives per- 
haps, new evidence of the subtle influence of odor upon 
human welfare. 

To check these conclusions from another line of ap- 
proach, the average characteristics of the most satisfac- 
tory and the least satisfactory days, as indicated by the 
votes of the subjects were’ computed. There were 43 
days with mean votes of 48, 49, and 50. 
averaged as the best days while 41 days with votes rang- 
ing from 12 to’23 were taken for the worst days (10 
represents the lowest possible vote, 50 the highest). The 
major differences were as follows: 


These were 


PER CENT DAYS 


SUNSHINE ON WHICH RELATIVE Tora Ions 

PER CENT RAIN FELL? Humipity PosiITIVE NEGATIV! 
Best Days 87 0 63 7240 7740 
Worst Days 0 80 92 14100 15220 


The pleasant days had also a slightly higher tempera- 
ture (56 deg against 50 deg), slightly less wind (8 miles 
per hour as against 9), and a slightly higher barometric 
pressure (765 as against 761). Temperature on the 
pleasant days varied from 35 to 76 deg and on the un- 
pleasant days from 26 to 75 deg; wind varied on the 
pleasant days from 3 to 16 miles and on the unpleasant 
days from 3 to 21 miles per hour. The really consistent 
conditions were sunshine, relative humidity and ions. 
The pleasant days were fair (only 7 out of 43 with less 
than 80 per cent sunshine) and the unpleasant days were 
rainy. The higher ion-content of the air in this compar- 
ison may in part have been due to moisture droplets, but 
the results obtained by partial correlation show that 
high ion counts are associated with unpleasantness even 
when relative humidity and sunshine are held constant. 


Sickness Records 


Finally, the data obtained from the Southern New 
England Telephone Co. and the New Haven Board of 
Health, in regard to illnesses causing absences from 
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trace of rain fell at this hour. 
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work and from school, may be considered respectively. 
For the telephone company records are available of ab- 
sences due to respiratory diseases for the whole year 
from December 1933 to February 1935. For the schools 
similar data are available for the three months’ period 
December 1934 to February 1935. These were classi- 
fied as to the day on which absence was first recorded. 

The first thing that was obvious on analysis of both 
sets of data, was the tremendous excess of absences re- 
corded for Mondays. From the school data for the whole 
three months the mean value for Monday was 55 per 
cent in excess of the weekly mean. Tuesday, Wednes- 
day, Thursday and Friday were respectively 16 per cent, 
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Fig. 1 
Ordinate values given on left apply to the solid curve. They refer to 
the telephone company employees and represent mean number of days’ 
illness absentcenism per week for a population of 1400. 
Ordinate values given on right apply to the broken curve. They refer 
to the school children and represent mean number of days of illness 
absenteeism per weck for a population of 35,000. 


Weekly means of absenteeism 


3 per cent, 33 per cent and 9 per cent below the weekly 
mean. This is, of course, a result of the fact that ab- 
sences recorded in the school and business office as be- 
ginning on Monday include also those illnesses which 
really began to be incapacitating on Saturday and Sun- 
day. Therefore by combining the mean weekly distribu- 
tion with the actual mean value for each week a normal 
expectancy was computed and an attempt was made 
to analyze deviations from this mean expectancy with 
relation to various meteorological conditions for the 
quarter of the year. Correlations between the ob- 
served meteorological conditions on the day before 
and the third day before the beginning of absences were 
also determined. The general seasonal variations which 
are obvious and familiar were not of interest but all ef- 
forts to obtain, by methods of analysis, significant cor- 
relations between daily deviations from the expected 
mean for a given season proved unavailing. As is in- 
dicated in Fig. 1, which presents the weekly means for 
both school and telephone company, there are two major 
factors involved in the prevalence of respiratory diseases 
causing absences—the general seasonal swing and the 
epidemic curve, which culminates especially in certain 
particular weeks. These two factors, so far as our data 
are concerned, appear to mask very effectively any spe- 
cific effects of the meteorological conditions on a given 
Gover, Reed and Collins (1934),* in a study of 





day. 


‘Gover, M., Reed, L. J., and Collins, S. D. 1934. Time Distribution 
of Common Colds and its Relation to Corresponding Weather Conditions. 
Public Health Reports, 40, 811. 
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more accurate data (daily reports from groups of stu- 
dents in six cities) find that the incidence of respiratory 
illness is associated with low temperature, irrespective 


of season but particularly in early fall. High relative 
humidity, subnormal daily temperature range and low 
sunshine were also slightly correlated with high disease 
rate. 

An analysis of the daily mortality rate for the City of 
New Haven with respect to various meteorological con- 
ditions was made but again without significant results 
except for the broad seasonal effects. Taking the year 
as a whole, there were correlations of +.27 with total 
positive ions, —.25 with temperature and +.17 with 
temperature change but these figures merely mean that 
the death-rate is higher in winter than in summer. 

It is, of course, quite possible that with a larger body 
of data and for a longer period of time some day-by-day 
relationships might be apparent, but with the material at 
our disposal the results were entirely negligible. 


Summary of Conclusions 


1. The number of total ions in the air of a city street 
in New Haven is higher than in the adjacent country- 
side. It rises in winter and falls in summer. It rises 
with southerly (sea) winds. Total ion counts are high 
est in cool, moist and relatively windless days. 

2. Judgment with regard to the pleasantness of out- 
door atmospheric conditions, as evidenced by the vote 
of a group of some 80 persons taken each morning for a 
year, is chiefly influenced by sunshine (correlation +.8), 
next by relative humidity (correlation —.6), and total 
ions (correlation —.3). When other relevant factors 
are held constant, these correlations remain significant 
and they are apparently independent factors directly 
affecting the sensation of pleasureableness connected with 
outdoor atmospheric conditions. The influence of ions 
is not related to electrical charge, since positive and nega- 
tive ions show identical results. The authors are in- 
clined to explain it as the result of the effect of those 
gaseous products of combustion (in houses and automo- 
biles) which make up a large proportion of the ions in 
a city environment. 





Mechanical Catalog Issued 


The 25th Annual Mechanical Catalog, Silver Anni- 
versary Number, was published on October 1 by the 
American Society of Mechanical Engineers. This issue 
shows a considerable improvement over the preceding 
one, both in number of pages of product descriptions 
carried and in make-up, a new feature being introduced 
this year. 

The catalog has three sections: 1. Catalogs of Indus- 
trial Equipment, Materials and Supplies, arranged al- 
phabetically by names of companies, contains illustrated 
descriptions of the products, manufactured by the com- 
panies represented in the book. 2. Manufacturers 
List, an alphabetical list of firms included in the issue, 
giving addresses, products manufactured and a brief 
historical statement about the concerns presenting cata 
logs. 3. Classified Index to Manufacturers contains 
the names of 700 firms, and lists, under 4,000 classifica 
tions, thousands of items used by industry. It is also 
an index to the descriptions of the specific products pr: 
vided by the advertisers in the catalogs that comprise 
this section of the book. 














NOMINATIONS FOR 1936 








The Nominating Committee appointed to select can- 
didates for Officers of the Society for the coming year, 
1936, submits the following list of nominees: 


For President: 


G. L. Larson, Madison, Wis. 


For First Vice-President: 
D. S. BoypENn, Boston, Mass. 


For Second Vice-President: 
E. H. Gurney, Toronto, Ont., Can. 


For Treasurer: 


A. J. Orrner, New York, N. Y. 


For Members of the Council: 
Three-Year Term 


R. C. Botsincer, Norristown, Pa. 
S. H. Downs, Kalamazoo, Mich. 

W. L. FietsuHer, New York, N. Y. 
C. M. Humpnureys, Pittsburgh, Pa. 


Respectfully submitted, 


NOMINATING COMMITTEE, 
E. A. Jones, Chairman; 
R. J. TeEnKonony, Secretary. 


In accordance with the provisions of the Amended 
Constitution, as given, ballots containing the names of 
the above candidates will soon be sent to the membership 
for voting upon prior to the Annual Meeting in January. 


Art. B-VIII—Section 10. The Nominating Committee shall 
consist of one (1) member eligible to vote designated by each 
Chapter, or his alternate also appointed by the Chapter. The 
Secretary of each Chapter shall certify to the Secretary of the 
Society on or before January first the names of the member 
and alternate selected. 


The Committee shall meet at the Annual Meeting of the So- 
ciety at the call of the Secretary of the Society and shall effect 
its own organization and elect its own Chairman. At the Semi- 
Annual Meeting of the Society, if possible, the Nominating 
Committee shall select the nominees for the ensuing year for 
the offices of President, First Vice-President, Second Vice- 
President, Treasurer, and four (4) members of the Council. 
In any event the names of the nominees shall be certified to the 
Secretary of the Society before September twentieth, with the 
written consent of each nominee to fill the office for which he 
has been selected and their names with the offices to which they 
have been nominated shall be published in the October issue 
oi the JouRNAL, 


rt, B-IX—Section 2. The Secretary shall prepare ballots 
with the names of all candidates and forward them to the mem- 
bers, eligible to vote, at least thirty (30) days before the date 
oi the Annual Meeting. 





Nominations for Members of Committee 
on Research 


Although committees of the Society are usually ap- 
pointed, in view of the great importance of the Com- 
mittee on Research and the financial responsibility it 
would be called upon to assume, it has been made more 
representative of the entire membership of the Society 
by a process of election. The election is governed by 
the By-Laws for the election of officers, with the single 
exception that Members of the Committee on Research 
are nominated by the Council instead of by a Nominat- 
ing Committee. 


In accordance with the Regulations for the Govern- 
ment of the Research Laboratory, adopted at the Jan- 
uary, 1919, Meeting, and amended January, 1933, the 
Council announces the nomination of the following mem- 
bers of the Committee for election to succeed those 
members whose present terms expire January, 1936: 


Three-Year Term 


W. A. VDANIELson, Washington, D. C. 
C. E. Lewis, Dayton, Ohio. 

D. W. Netson, Madison, Wis. 

Cyrit TASKER, Toronto, Ont., Can. 
C.-E. A. Winstow, New Haven, Conn. 


The regulations governing the nomination and elec- 
tion of members of the Committee on Research are as 
follows: 


ArtTIcLE II[—OrGANIZATION 


Section 1. Committee on Research—There shall be a stand- 
ing committee known as the Committee on Research, consisting 
of fifteen (15) members each serving for three (3) years and 
five (5) retiring each year. The outgoing Chairman if serving 
in that capacity during the last year of his three (3) year term 
on the Committee shall without election become an additional 
member of the Committee on Research for one (1) year. 


(a) The Council shall nominate previous to July first of 
each year five (5) members to fill the vacancies of those 
retiring at the next Annual Meeting. 


(b) The nominations made by the Council shall be pub- 
lished in the October issue of the Society’s JOURNAL. 

(c) Any ten (10) members of the Society eligible to vote 
may present to the Secretary over their signatures, the name 
of one (1) or more additional nominees for the Committee 
on Research, provided such name or names are presented at 
least sixty (60) days prior to the next Annual Meeting, and 
such additional nominations shall be placed on the ballot op- 
posite the nominations made by the Council. 

(d) The election shall otherwise conform to the regulations 
provided for the election of officers of the Society in the Con- 
stitution, By-Laws and Rules. 

(e) Vacancies may be filled by the Council, such persons 
chosen by the Council to serve until a successor is elected 
at the next Annual Meeting. 
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Society to Hold 42nd Annual Meeting in Chicago 


OMFORT Week will be celebrated in Chicago when 

members of the heating, ventilating and air conditioning 

profession and industry gather for the 42nd Annual 
Meeting of the A. S. H. V. E. to be held at the Palmer House, 
the Mid-year Meeting of the National Warm Air Heating and 
Air Conditioning Association at the Stevens Hotel and the 4th 
International Heating, Ventilating and Air Conditioning Exposi- 
tion at the International Amphitheatre. 

The methods used for maintaining comfort under all atmos- 
pheric conditions will be strikingly demonstrated by the exhibits 
which will include applications for every field of endeavor which 
require heating, ventilating, conditioning and cooling for com- 
fort, efficiency and health. 

At the technical meetings, reports will give details of the latest 
research developments on such subjects as the heat transmission 
of concrete, sound insulation, minimum air requirements for 
ventilation, summer comfort standards, corrosion in steam lines, 
and heat transfer through finned tubing. 

Illinois Chapter members will act as hosts for the 42nd An- 
nual Meeting of the Society and the Committee on Arrangements 
has been organized under the direction of J. H. Milliken, Presi- 
dent of the local chapter. 

The program of entertainment and other essential functions 
for the meeting are being planned by sub-committees as follows: 

Reception, J. R. Vernon; Banquet, J. P. Fleming; Ladies, Mrs. 
J. J. Hayes; Entertainment, Tom Brown; Publicity, Charles EF. 
Price; Finance, Elmer W. Rietz. 

Registration will commence at the Palmer House, on January 
27 at 9:30 a. m., 
and Committee Meetings. 
morning, January 28 to 30, and a joint Research Session with 


and the entire day will be devoted to Council 
Technical Sessions will be held each 


the National Warm Air Heating and Air Conditioning Asso- 
ciation is scheduled for Wednesday afternoon, January 29, at 
the Stevens Hotel. The Committee on Arrangements is planning 
a special entertainment program and announcement of several 
get-together functions will be made in the official program. 
Members of the Society will find that the cost of attending 
the 42nd Annual Meeting can be moderate, as special hotel rates 


are available and round trip fares at greatly reduced rates have 





been authorized by the railroads. It will be possible to come to 
Chicago from any point in the United States at a rate of one 
and one-third fare for the round trip. Identification certificates 
will be mailed to all members of the Society in advance of the 
meeting. 

The Fourth International Heating and Ventilating Exposition, 
to be held in Chicago at the International Amphitheatre, during 
the week of January 27, 1936, is now only three months away. 
Reservations for exhibition space at this date point toward a 
new high for the 1936 show. 

The beneficial effects of modern heating, ventilating, and air 





the Palmer House 


Meeting headquarters 
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conditioning installations are understood by the general public 
of today. The waste incurred by obsolete equipment which has 
been compensated for and amateurly doctored during the de- 
pression years will now be remedied. People are beginning to 
realize that for year ‘round comfort they must have air which 
is heated, cleaned and humidified in winter and cooled, cleaned 
and dehumidified in summer. 

Constantly a struggle goes on between nature and man over 
the balance of weather, but today the individual is master of 
indoor weather. 

Results of a recent sample survey by Business Week shows 
that many prospective buyers of air conditioning installations 
are at the gate of consideration which leads to purchase decision. 
But the mind of the American public now sharpened by the lean 
years’ experience, has grown sensibly wary of the pig-in-the- 
poke. The survey indicates that prospective buyers intend to 
seek advice and see all before they decide to purchase. 

At the Fourth International Heating and Ventilating Exposi- 
tion a wide variety of heating, ventilating and air conditioning 
equipment will be presented. There will be exhibits of boilers, 
furnaces, steam, air, and hot water heating systems, refrigeration 
systems, central heating and unit heating, insulation materials 
and precision instruments to provide regulation and control for 
every type of installation, whether in home, office or factory. 

Visitors to the Exposition will not only find the comprehensive 
display of heating, ventilating and air conditioning apparatus but 
will also find research laboratory exhibits which will give a 
preview of important scientific developments that will influence 
the trend in future standards of comfort. The A. S. H. V. E. 
Laboratory and cooperating institutions are planning exhibits 
that will be interesting and instructive to visitors. 

The setting of the 4th International Heating and Ventilating 
Exposition in Chicago is the new International Amphitheatre, 
the time is January 27-31. Like the three previous Expositions 
this one is under the experienced management of the Interna- 
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entrance to the 


Lobby and 


Empire Room of Palmer House 


tional Exposition Co. and Charles F. Roth is again personally 
in charge. 








an expert capacity. 
atmosphere that will promote public health and welfare. 


to a proper indoor-air condition. 
is close to that which provides comfort has been found. 


your cities and recommend an outline of study as follows: 


1—A study of polluted city atmosphere: 
(a) To determine the source of pollution. 








| correct conditions : é ; 
(a) By the abatement of public nuisances. 


able minimum. 


In the past we have concerned ourselves more with the removal of pollution in the atmosphere than with its pre- 
I am convinced that we should now apply ourselves to the task of aiding in the prevention of pollution and take 


vention. 
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PRESIDENT’S MESSAGE TO MEMBERS 
OUR PART IN THE PREVENTION 


The AMERICAN Society OF HEATING AND VENTILATING ENGINEERS must assume leadership in the establishment of 
standards in those fields wherein the training and experience of its membership qualify the Society as a whole to act in 
It is, therefore, the duty of the Society to take such action as will help in the maintenance of an 
At this time permit me to urge that each chapter take the steps 
that are needed in this organization and in the building industry to prevent unnecessary pollution of outdoor air. 

The ventilation engineer uses outdoor air as a basis for his work. 
No substitute for uncontaminated outside air when the temperature of the outdoor air 


For these reasons I appeal to each chapter to consider action that will aid in minimizing the pollution of the air of 


(b) To determine the character of the substances that are nuisances. 
2—Endorsements and recommendations as to the best methods, systems and appliances that in a practical way will 


(b) By reducing the emissions of nuisance substances from fuel combustion and industrial processes to a toler- 


our place with those organizations that are engaged in this public work. 
I of sulphur compounds and other objectionable emissions from chimneys of fuel burning plants and the knowledge of the 
damage they cause, clearly indicate the urgent need for action in this matter. 

May I solicit your efforts in fostering the program contained in this appeal? 


AMERICAN SoOciETY OF HEATING AND VENTILATING ENGINEERS. 


OF AIR POLLUTION 


A definite quality of outdoor air is an essential 


The advances made in the studies and control 


Potvararcetig — President, 


























Local Chapter Reports 











New Chapters Chartered 


The Council of the Society has recently approved the 
petitions of members in Washington, D. C., Oklahoma 
City, Okla., and Winnipeg, Man., Can., for charters author- 
izing the formation of local chapters of the A. S. H. V. E. 

The Officers and Council send greetings and best wishes 
to these new chapters. 











Washington, D. C. 


October 9, 1935. A meeting of the Washington, D. C., Chap- 
ter of the A. S. H. V. E. was held at the Hotel Harrington at 
6:30 p. m. for further organization. On this occasion 31 mem- 
bers and prospective members were present. 

After dinner, the meeting was called to order by Col. W. A. 
Danielson, chairman pro tem., and the minutes of the previous 
meeting were read and approved. 

R. H. Feltwell, of the Nominating Committee, reported the 
following nominations for officers of the Chapter for the ensuing 
year: 

President—Lt. Col. W. A. Danielson. 

Vice-President—T. H. Urdahl. 

Secretary—M. D. Kiczales. 

Treasurer—W. E. Kingswell. 

Board of Governors—E. J. Febrey, G. S. Frankel, L. S. Ourusoff. 

After discussion, the nominees presented by the Nominating 
Committee were elected by a rising vote to hold office until 
January 1, 1936. 

A letter from Secy. A. V. Hutchinson regarding the charter 
and name of the Chapter was read by Secretary Kiczales. The 
matter of a suitable name for the newly organized Chapter was 
discussed and resulted in the selection of Washington, D. C., 
Chapter. 

The question of chapter dues was the next item of business 
and it was decided that each chapter member would contribute 
one dollar towards the operating fund, until final action is taken 
on what the stipulated chapter dues shall be, this contribution 
from each member to be credited when such action is taken. 

The matter of a regular meeting date was then brought up 
and, following a discussion, it was voted that chapter meetings 
be held on the second Wednesday of each calendar month. 

It was the decision of the members that the meeting place 
shall be at the particular place or locality which the paper or 
topic of discussion for the evening warrants, such meeting place 
to be designated by the Program Committee. 

Mr. Urdahl, chairman of the Program Committee, introduced 
Mr. Galloway, of the Department of Public Buildings, who offered 
to conduct the members and their guests through the Depart- 
ment of Justice Building and explain the air conditioning system. 

The business meeting was closed at 9:30 p. m. and a tour of 
inspection was made. Through the kindness of Edgar Hoover, 
Mr. Tracy, a member of the staff, conducted the party through 
the Crime Laboratory and minutely explained finger-print meth- 
ods and others used in crime detection. Mr. Galloway, aided 
by the superintendent of the building, showed the party through 
the air conditioning equipment rooms and explained the operation 
of the system. 


Illinois 


October 14, 1935. The annual meeting of Illinois Chapter was 


called to order by Pres. R. E. Hattis at the Hotel Sherman 
with an attendance of 106. 





President Hattis appointed C. W. Johnson, Chairman, F. I. 
Raymond and E. P. Heckel, as tellers of the election of officers, 
and then the minutes of the May 14, 1935, meeting were read 
and accepted. 

J. J. Hayes, acting secretary for the previous year, read a 
report of the Board of Governors. 

As retiring treasurer, Mr. Hayes also read the financial state- 
ment and J. R. Vernon, chairman of the Auditing Committee, 
reported that all accounts on the treasurer's books had been found 
correct. 

A report of the Meetings Committee was given by S. I. Rott- 
mayer, chairman. 

C. E. Price announced that the November meeting of the 
Chapter would be held at Milwaukee on the third Monday of 
the month in conjunction with the Wisconsin Chapter of the 
A. S. H. V. E. and he asked the members to plan to attend. 

J. J. Aeberly, chairman of the Better Relations Committee, 
reported that the work of the committee was status-quo. 

Mr. Vernon reported that there was a net loss of 10 members 
for the year, with a total of 25 limited memberships in force. 

The applications of A. A. Thommen, P. P. Wolff and J. P. 
Fleming for affiliation with the Chapter were read and accepted. 

A brief report on the 1935 Semi-Annual Meeting of the So- 
ciety at Toronto, Ont., was given by J. H. Milliken. 

Proposed amendments to the Chapter’s Constitution were pre- 
sented by C. W. DeLand and copies will be sent to members for 
their approval. 

A letter from Pres. John Howatt urged all men connected 
with heating, ventilating and air conditioning institutions to 
become associated with the Society. 

President Hattis then introduced Ernest Szekely, Milwaukee, 
Wis., who discussed Adsorbents Used in Air Conditioning. Mr. 
Szekely stated that in the air conditioning field there are several 
adsorbents in use, principally calcium chloride, lamisilite and 
silica-gel. The speaker described a solid adsorbent as essentially 
a material which has the property of condensing and adsorbing 
gases and liquids. Mr. Szekely mentioned that this is essentially 
a surface phenomenon of the solid and adsorbents are in some 
cases capable of condensing up to 30 per cent of their own weight. 

Mr. Szekely gave a comprehensive discussion of silica-gel, the 
adsorbent with which he is most familiar. After the formal talk, 
the speaker kindly answered many questions which were brought 
out in the discussion. <A rising vote of thanks was given to 
Mr. Szekely for his very interesting and informative talk. 

The teller’s report was presented and accepted and each of the 
following new officers and members of the Board of Governors 
was introduced by the retiring president, Mr. Hattis: 


President—J. H. Milliken. 


Vice-President—]. J. Hayes. 
Secretary L. S. Ries. 
Treasurer—J. R. Vernon. 


Board of Governors—O. W. Baumgardner, 5S. | 


Rottmayer. 


Armspach, C. M. 


A speech of acceptance was made by the newly elected presi- 


dent, Mr. Milliken, and the meeting adjourned at 10:25 p. m., 
according to the report of Secretary Ries. 


Michigan 


October 8, 1935. The first meeting of the 1935-36 season 
was held at the Wardell Hotel and was preceded by dinner. 

Pres. A. C. Wallich called the meeting to order at 8:00 p. m. 
and, after a roll call of the members present, Secy. W. F. Arnoldy 
read correspondence from headquarters office. Approximately 60 
members and guests attended. 

The principal speaker of the evening was John Howatt, Chi- 
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cago, Ill., president of the A. S. H. V. E., who was introduced 
by J. R. McColl, a past president of the Society. 

President Howatt addressed the meeting on Our Changing 
World and spoke particularly on the subject of air conditioning. 
He also summarized some of the Society’s plans for the com- 
ing year. 

Later in the evening motion pictures of Alaska were shown 
and the meeting adjourned at 10:15 p. m. 


Western Michigan 


October 7, 1935. The Western Michigan Chapter was very 
fortunate to have as the first speaker of the 1935-36 season 
Pres. John Howatt of the A. S. H. V. E., Chicago, Ill., who 
gave an address entitled Our Changing World. The meeting 
was held in the Spanish Room of the Hotel Rowe and 20 mem- 
bers and guests were present. President Howatt’s talk was 
very interesting and presented many thoughts on the manner 
in which changes in the heating and ventilating industry are 
aftecting other industries. 

A general discussion followed President Howatt’s talk and 
many questions were asked concerning the Chicago Standards 
for Certified Air Conditioning. Action was taken by the Chap- 
ter instructing Pres. P. O. Wierenga to appoint a committee to 
investigate the feasibility of starting action towards the adoption 
of a similar code for Western Michigan. The area covered by 
the Western Michigan Chapter includes several cities and it was 
felt that a number of societies and organizations would find this 
of vital interest and be willing to cooperate. 

President Wierenga announced the personnel of chapter com- 
mittees and a rising vote of thanks was given the speaker be- 
fore the meeting adjourned at 10:30 p. m. 


Minnesota 


September 17, 1935. The first meeting of the 1935-36 season 
of the Minnesota Chapter was held at the Bloomington Golf 
Club. Dinner was served at 6:30 and later the meeting was 
called to order by Pres. C. E. Gausman. The minutes of the 
previous meeting held in Rochester, Minn., were reviewed. 

H. S. Morton introduced the speaker of the evening, R. E. 
Saberson, St. Paul, Minn. Mr. Saberson gave an inspiring talk, 
from the standpoint of a layman and a sales executive in another 
business, on the possibilities of air conditioning. According to 
the speaker, the Forgotten Man is the consumer who has not 
been approached by real salesmen and sold on new ideas. Mr. 
Saberson expressed the opinion that air conditioning can be the 
entering wedge to a revival in the building industry. With a 
shortage of one million homes and with old dwellings becoming 
obsolete, it is felt that opportunities for air conditioning and the 
services of heating, ventilating, and air conditioning engineers 
are greater than ever before. 

Prof. F. B. Rowley commented on Mr. Saberson’s talk and 
confirmed the statement that engineers are often prone to over- 
look the sales angle of their work. 

Albert Buenger made a few remarks about the forthcoming 
\nnual Meeting of the Society to be held in Chicago in January. 
Because of the location and importance of this meeting, which 
will be held coincident with the Fourth International Heating and 
Ventilating Exposition, the hope was expressed that many mem- 
bers of the Minnesota Chapter would attend. 

N. D. Adams presented a letter commending the action of the 
Mayor and Council of the City of Minneapolis in adopting a 
minimum code of requirements for heating and ventilating and 
expressing the interest of the chapter in this action. A motion 
was made and seconded that this letter be forwarded to the 
Mayor and Council and that it be placed in the records of the 
Chapter. 

For those members who were not satisfied with their golf 
scores in Rochester last May, the Program Committee arranged 

special playoff, which started at 2:30 in the afternoon. There 
Was some discussion about the championship changing hands, but 
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this did not materialize. Twenty-four members and guests were 
on hand to improve their scores and 40 attended the dinner. 
Among the honored guests was F. H. Gaylord. 


Western New York 


October 14, 1935. Pres. W. E. Voisinet presided at a dinner 
meeting of the Western New York Chapter held at the Touraine 
Hotel, Buffalo, with 108 members and guests present. Three 
new members were officially welcomed and it was announced 
that the new Chapter Constitution was being revised to conform 
to the Constitution and By-Laws of the A. S. H. V. E. and that 
it would soon be ready for submission to the Chapter members. 

The monthly message from Pres. John Howatt, Chicago, IIL, 
was read, regarding the many advantages of Society membership 
Preliminary announcement was made that the 1936 Annual Meet 
ing paper, Comfort Standards for Summer Air Conditioning, 
prepared by the Society’s Research Laboratory, would be the 
subject for discussion at the November meeting. The paper will 
be presented by M. C. 
A Se es: Vs 


L. T. Avery, Cleveland, O., was introduced and spoke on the 


Beman, a member of the Council of the 


subject of Current Fallacies and Problems of Air Conditioning. 
Mr. Avery briefly outlined four phases of air conditioning: heat, 
humidity, air motion, and purity, and made particular reference 
to the apparent misuse of the term in advertising. The speaker 
stressed the fact that he believed it necessary for the industry to 
set up standards of desired indoor air conditions under definite 
outdoor conditions, which in his opinion should vary with local- 
ities, type and use of building, and the nature of the occupant. 
Reference was made to tests conducted at the A. S. H. V. E, 
Research Laboratory and the University of California. 

In the discussion which foHowed the presentation of Mr. 
Avery’s talk, L. A. Harding brought out many interesting facts 
and theories relative to the subject under consideration and the 
speaker was accorded an enthusiastic and rising vote of thanks 
for his splendid talk. 

September 9, 1935. The Western New York Chapter in 
augurated the fall program with a golf meet and dinner at Erie 
Downs Country Club, Ft. Erie, Ont. 
guests were in attendance. 

Awards for golf were distributed as follows: Earl Zimmer- 


Thirty-two members and 


man, Kickers’ Handicap; W. E. Voisinet, low gross; D. J. Ma 
honey, most 5’s; J. J. Landers, most 6's; B. C. Candee, most 7's; 
and M. C. Beman, most on 8th hole. 

President Voisinet made a preliminary announcement regarding 


the October dinner and meeting. 


Ontario 


October 7, 1935. Ontario Chapter opened the fall season with 
a meeting at the Weston Golf and Country Club. 


bers participated in golf in the afternoon and at 6:30 p. m. dinner 


Twenty mem- 


was served to 41 members and guests who were present. 

Pres. M. W. Shears called upon Thomas McDonald to pre- 
sent the golf prizes and then introduced E. R. Gauley, who gave 
a coffee talk on Scale Buoys. H. H. Angus extended a vote of 
thanks to Mr. Gauley on behalf of the Chapter for his splendid 
address. 

Secy. H. R. Roth was then asked to read the minutes of the 
preceding meeting, which were accepted as read. 

The committees appointed for the coming year by President 
Shears were announced by Secretary Roth as listed in the An- 
nual Report of Ontario Chapter (see Oct., 1935, Journal). 

Pres. John Howatt’s letter to Chapters on the Value of Mem- 
bership was read to the meeting. 

Announcement was made that the 
award for the best thesis on Heating, Ventilating and Air Con 
ditioning for 1935 had been made to H. G. Hill, Toronto, Ont. 

A motion was made by W. R. Blackhall that the University 
of Toronto award be extended during the year 1935-1936; the 


University of Toronto 


amount of the prize to be $25.00; and the prize to be open to 
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any student in the University writing on a subject dealing with 
Heating, Ventilating, or Air Conditioning. It was Mr. Black- 
hall’s desire that this prize be awarded only on the basis that 
at least five theses are submitted in competition. The Ontario 
Chapter, acting with the faculty of the University of Toronto, 
are to be the judges in making the award. 

J. S. Wood moved that this motion be referred to a committee 
of three with Mr. Blackhall as Chairman, to be voted on at the 
next regular meeting. 

Mr. McDonald moved that President Shears be the Ontario 
Chapter’s representative on the A. S. H. V. E. Nominating 
Committee, and in the event that Mr. Shears cannot attend the 
Annual Meeting in January at Chicago, Ill., he is to select a rep- 
resentative. This motion was carried. 

The report of the auditors for 1935 was read by Secretary 
Roth and President Shears read a letter from O. L. Maddux 
relative to a motion to amend the Constitution in such a way 
as to make constitutional the various matters brought up in the 
auditors’ report. 

A motion, amending Section 3 of Article 6 of the Ontario 
Constitution, was carried: that, The Secretary or the Treasurer 
with the President shall sign all checks, written contracts, or 
other financial obligations of the Chapter authorized by the 
Board of Governors. 

President Shears then called upon E. H. Gurney, who spoke on 
Chapter Activities. Mr. McDonald extended a vote of thanks to 
Mr. Gurney for his excellent address, before the meeting ad- 
journed., 


St. Louis 
October 3, 1935. The meeting of St. Louis Chapter was 
W. Cooper at Garavelli’s with 30 
The minutes of the September 


called to order by Pres. J. 
members and guests present. 
meeting were read and approved. 

President Cooper reported on a recent meeting with Secy. 
A. V. Hutchinson and several Chapter members. 

Secy. A. L. Walters read Pres. John Howatt’s message to 
Chapters. 

A balance on hand of $356.33 was reported by the treasurer, 
EK. E. Carlson. 

The chairman of the Program Committee outlined plans for 
the remainder of this year and for the special joint meeting 
with the Engineers Club, October 24, with W. H. Carrier, 
Newark, N. J., as speaker. 

C. R. Davis presented the application of W. N. O’Brien for 
the Membership Committee and introduced the candidate. 

In the absence of R. J. Tenkonohy, chairman of the Special 
Committee on Amendments, J. M. Foster reported. Written 
recommendations and proposed amendments were read and dis- 
cussed and referred back to the committee for further consid- 
eration and report. 

E. A. White nominated, and E. E. Carlson seconded, Paul 
Sodemann for the Chapter’s Nominating Committee. G. W. F. 
Myers nominated, and D. J. Fagin seconded, E. A. White for 
this committee. Mr. Sodemann nominated, and Mr. Myers sec- 
onded, L. W. Moon. It was then moved, seconded and car- 
ried that the nominations be closed and that Messrs. Sodemann, 
White and Moon be unanimously elected. President Cooper 
then appointed J. M. Foster and C. E. Hartwein to also serve 
on the committee with Mr. Sodemann as chairman. 

After a short recess, the meeting was turned over to Mr. 
Myers, who led an interesting illustrated discussion on Forced 
Hot Water Heating Systems. 

After adjournment inspection was made of a model installa- 
tion of such a system mounted in an auto trailer. 


New York State Appoints Dr. Greenburg 


On October 15 Dr. Leonard Greenburg assumed his new duties 
as executive director of the Division of Industrial Hygiene, State 
Department of Labor, with offices at 80 Center St., New York 
City, having resigned as health officer of New Haven, Conn. 
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Dr. Greenburg is recognized as an authority on industrial 
hygiene and his new post has assumed increased importance since 
the amendment of the Workmen’s Compensation Law by the last 


Legislature. Dr. Greenburg’s new work will include an immedi- 
ate study of silicosis and other dust disease hazards in industry. 

As a member of the United States Health Service from 1918 to 
1932, he was engaged in many investigations in the varied fields 
of public health and has contributed widely to scientific periodi- 
cals on occupational diseases, industrial sanitation and ventila- 
tion, dust content of air and its effects on the health of the 
worker, lead in the atmosphere, lead and benzol poisoning and 
kindred subjects. 


3lst Annual Meeting for A. 5S. R. E. 


The American Society of Refrigerating Engineers will hold its 
31st Annual Meeting at the Hotel Pennsylvania, New York, De- 
cember 4 to 6 and during this three-day meeting the general and 
technical aspects of air conditioning and various applications of 
equipment will be discussed as well as commercial practice in 
refrigeration. 

One of the topics of the meeting will be a debate on Wednes- 
day evening, December 4, between students of Stevens Institute 
of Technology and Polytechnic Institute of Brooklyn, on the ques- 
tion “Resolved that engineering should be a closed profession.” 
This event will be broadcast from the ballroom of the Hotel 
Pennsylvania at 8:30 p. m. 

On Thursday afternoon, the Proposed Standards for Rating 
and Testing Air Conditioning Equipment will be presented by 
Glenn Muffly, Chairman of the Joint Committee composed of 
representatives of A. S. R. E., A. S. H. V. E., R. M. A., N. E. 
M. A. and A. C. M. A. 

On Friday morning, December 6, in addition to the technical 
papers, the Proposed Standard for Rating and Testing Mechani- 
cal Condensing Units will be presented by L. S. Morse for the 
joint committee. 


A. S. M. E. Meets in New York 


The 56th Annual Meeting of the American Society of Mechani- 
cal Engineers will be held in the Engineering Societies Building, 
New York, December 2 to 6. Tuesday evening, December 3, has 
been set aside for the presentation of honors and awards and 
Dean Collins P. Bliss will direct the ceremonies as grand marshal 
in awarding the John Fritz, the A. S. M. E., Warner and Mel- 
ville Medals. 

A technical program to appeal to varied interest has been pre- 
pared by the professional divisions and technical committees. 
Members will discuss not only matters of strictly engineering in- 
terest but subjects of importance in human relations and indus- 
trial management, compensation laws, occupational diseases, etc. 

On Wednesday, December 4, the afternoon session will be de- 
voted to the Fan Test Code and the speakers will be L. S. Marks 
on the Measurement of Air Flow in Fan Inlet and Discharge 
Ducts; and M. C. Stuart and W. C. Somers on the Definition of 
the Quantity Heads Characteristics of Fans. On Thursday the 
subject of Fuels will be considered. 

The result of the election of A. S. M. E. Officers for 1936 has 
just been announced as follows: 

President: W. L. Batt. 

Vice-Presidents: Alex D. Bailey, John A. Hunter, Robert L. 


William A. Shoudt. 
William Lyte Dudley, Walter C. Lindemann, James W 


Sackett, 


Managers: 
Parker. 


Members of the A. S. H. V. E. desiring to attend the 4. 5. 
M. E. meeting are entitled to reduced rate railroad fares and 
should obtain certificates at their local ticket office which will 
entitle them to return tickets at a rate of 4% of the regular one- 
way fare. Certificates must be validated at 4. S. M. E. head- 
quarters during the meeting. 

































The Constitution of the Society as now amended, requires the following mode of procedure in voting on applicants for mem- 
bership in the Society. All applications for membership are to be sent to the Secretary and the names of applicants and their refer- 
ences shall be printed in the next issue of the JourNaL of the Society or sent to the members in other approved manner as ordered 
by the Council. When replies are received from references, the Candidate’s application shall be submitted to and acted upon by the 
Committee on Admission and Advancement as soon as possible. 
When the Committee on Admission and Advancement has acted favorably upon a Candidate’s application and assigned his grade, 
the Council shall vote upon the election of the proposed Candidate for membership by letter ballot. During the past month 53 
applications for membership have been received and the names of these men and their sponsors are published in the following list. 
Members are requested to scrutinize the list with care. The Committee on Admission and Advancement, and in turn the Coun- 
cil, urge the members to assume their share of the responsibility of receiving these candidates into membership by advising the 
Secretary promptly of any whose eligibility for membership is in any way questioned. 
All correspondence in regard to such matters is strictly confidential, and is solely for the good of the Society, which it is the 


duty of every member to promote. TI 
lose 


Unless objection is made by some member by November 15, 1935, these candidates will be balloted upon by the council. 


elected to membership will be notified by the Secretary immediately after election. 


CANDIDATES 


AITKEN, JAMES, Supt., Anthes Foundry, Ltd., Winnipeg, Man., 
Can. 


Arcug, E. J., Salesman, Anthes Foundry, Ltd., Winnipeg, Man., 


Can. 


AUGHENBAUGH, H. E., Branch Mgr., York Ice Machinery Corp., 
Philadelphia, Pa. 
Bairp, S. A., Consulting Engr., Peoria, Ill. 


Becker, W. A., Sales Engr., Grinnell Co., Chicago, Il, 


Biair, H. A., Service Engr., Westinghouse Elec. & Mfg. Co., 
Springfield, Mass. 


BontuHRON, R. C., Supervisor, Air Cond. Dealers, Westinghouse 
Elec. & Mfg. Co., Philadelphia, Pa. 

BricgHam, C. M., Gen. Sales Mgr., C. A. Dunham Co., Chicago, 
ll. 


Broome, J. H., Student, New York University, New York, N. Y. 


CAMPBELL, Ropert, Htg. Engr., Brooklyn Gas Co., Coney Island, 
N. Y. (Advancement). 
CasseE__, W. L., Consulting Engr., Kansas City, Mo. 


Ciericuzio, G. P., Bloomfield, N. J. 


Cocuran, C. C., Branch Mgr., Minneapolis-Honeywell Reg. 
Co., Milwaukee, Wis. 

Constant, E. S., Design Engr., Oklahoma Gas & Elec Co., Okla- 
homa City, Okla. 

Dononor, J. B., Engr. & Estimator, B. 


ton, Mass. 


F. Donohoe Co., Bos- 


Esxin, S. G., Graduate Student, Massachusetts Institute of Tech., 
Boston, Mass. 


FERGESTAD, MArvIN, Sales Engr., The Insulite Co., Minneapolis, 
Minn. 

Ginn, T. M., Estimator & Engr., T. M. Ginn Co., Great Falls, 
Mont. 

Greece, S. H., Pres., Shellenberger-Gregg Co., Milwaukee, Wis. 

Hance, W. W., Draftsman, E. I. DuPont de Nemours Co., 
Wilmington, Del. 

Hopper, A. A., Design Engr., Carrier Engineering Corp., Okla- 
homa City, Okla. 

Hucues, F. S., Jr., Sales Mer., Hardin Sash & Door Co., Fort 
Worth, Texas. 

HucGuey, T. M., Sales Engr., Westerlin & Campbell Co., Mil- 
waukee, Wis. 

KarLsTEEN, G. H., Plant Engr., Dunlop Tire & Rubber Corp., 
Buffalo, N. Y. 

KINGSWELL, W. E., Pres., W. E. Kingswell, Inc., Washington, 
ea. 4. 

Leverance, H. J., 
City, Okla. 

Lincotn, R. L., Research Engr., Hoffman Specialty Co., Water- 
bury, Conn. 

Livar, A. P., Megr., Mech. Equip. Div., Reynolds Corp., New 
York, N. Y. 


Sales Engr., J. M. O’Connor Co., Oklahoma 


REFERENCES 


Proposers 
C. H. Turland 
H. R. Eade 


C. H. Turland 
H. R. Eade 


I. C. Baker 

G. E. Tuckerman 
G. H. Blanding 

J. R. Vernon 

J. E. McClellan 

L. L. Narowetz, Jr. 
E. R. Wolfert 

R 


. E. Holmes 


R. F. Hunger 

L. C. Davidson 

C. A. Dunham 

O. J. Prentice 

M. C. Giannini 

A. A. Adler 

J. E. Setchell (4.S.M.£.) 
R. B. Dale (A4.S.M.E.) 
C. A. Weiss 


Carl Clegg 
M. C. Giannini 
Frederick Northrup 


(Non-Member) 


C. H. Randolph 
J. S. Jung 
E. W. Gray 


B. R. Miller 

D. Abrahams (Non-Member) 

D. J. Sullivan 
(Non-Member) 

James Holt 

E. R. Schwaz (Non-Member) 


H. E, Gerrish 

F. B. Rowley 

H. M. Saubert (Non-Member) 
Ed Henen (Non-Member) 
C. H. Randolph 

F. G. Weimer 

M. E. Kershaw 

A. E. Vroome 

S. L. Rolland 

E. W. Gray 

H. K. Kibbie (Non-Member) 
H. V. Kibbie (Non-Member) 
C. H. Randolph 

Ernest Szekely 

H. E. Eeden (A.C.S.) 

R. E. Olson (RJ.S.) 

T. H. Urdahl 

W. A. Danielson 

S. L. Rolland 

E. W. Gray 

W. K. Simpson 

C. P. Yaglou 

H. W. Fiedler 


J. O. Lennon 
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Seconders 

J. A. Wotherspoon 
(Non-Member) 

William Glass 

J. A. Wotherspoon 
(Non-Member ) 

D. G. Michie 

Benjamin Adams 

S. E. Plewes 

J. E. McClellan 

J. H. Milliken 

L. J. Pitcher 

C. W. De Land 

R. E. Cross 

Milton Kalischer 
(Non-Member) 

J. H. Hucker 

P. L. Pryibil 

John Howatt 

A. V. Hutchinson 

William Rosenburg 

I. S. Henthorn 
(Non-Member) 

J. W. Hunter (A.S.M.E.) 

J. E,. Godsoe (Non-Member) 

David Caleb 

I’, A. Sheppard 

J. R. Matullo (Non-Member) 

C. E. Gus (Non-Member) 


F. G. Weimer 

W. H. Wilson 

Louin Tiller 

R. G, Dolan 

H. T. Hodgdon 

David McSwain 
(Non-Member) 

J. H. Zimmerman 
(Non-Member) 

G. W. Swett (Non-Member) 

A. B. Algren 

H. F. Dever 

T. W. Torr 

> Swartz (Non-Member) 

J. S. Jung 

A. M. Wagner 

L. C. Davidson 

R. F. Hunger 

W. A. Russell 

E, F. Dawson 

J. V. Russell (Non-Member) 

C. C. McNutt (Non-Member) 

J. H. Volk 

W. H. Wilson 

J. S. Henderson (A./.E.E.) 

H. M. Sharp (A.S.M.E.) 

Leon Ourusoff 


EK. J. Febrey 

W. A. Russell 

F. X. Loeffler 

C. V. Haynes 

F. C. Houghten 

C. W. Stewart 

C. A. Fuller (Non-Member) 





CANDIDATES 
Locke, R. A., Mgr., Steel Heating Boiler Inst., Middletown, Pa. 


MacMuan, A. R., Air Cond. Div., Frigidaire Corp., Dayton, 
Ohio. 
McCurntock, WiLL1AM, Engr., New York, N. Y. 


McLean, J. E., Supt. of Bldgs., University of Pittsburgh, Pitts- 
burgh, Pa. 
McLouth, B. F., Chief Engr., Dail Steel Products Co., Lansing, 
sane H., Engr., Carrier Engrg. Corp., Chicago, Ill. 
Menpen, P. J., Sales Engr., Young Radiator Co., Racine, Wis. 
MILLER, R. E., Sales Engr., American Radiator Co., Detroit, 
O’Bans, 'W. N., Sec.-Treas., O’Brien Equipment Co., St. Louis, 
ee A. E., Staten Island, N. Y. (Advancement) 
Pike, WALLACE, Engrg. Designer, Ternstedt Mfg. Co., Detroit, 
pan BC. Engr., L. E. Stevens Co., Cincinnati, Ohio. 
Rickner, C. A., Sales Engr., Kelvinator Corp., Detroit, Mich. 


Rosinson, G. L., Draftsman, E. I. DuPont de Nemours Co., Wil- 
mington, Del. ; 

Rurr, A, G., Engr., U. S. Playing Card Co., Norwood, Ohio. 

Scuecuter, J. P., Engr., Domestic Air Cond. Co., Detroit, Mich. 

Smiru, L. E., Asst. Mgr., Tech. Dept., Frigidaire Corp., Dayton, 
Ohio. 

Spence, R. T., Engrg. Mgr., Pflugradt Co., West Allis, Wis. 


Strack, A. E., Lab. Supervisor, Washington Gas Light Co., Sil- 
ver Spring, Md. 
Srewartr, D. J., Megr., Elec. Div., 
ford, Ill. (Advancement). 
Sruart, M. C., Prof. of Mech. Engrg., Lehigh University, Beth- 
lehem, Pa. 

Watsu, E. R., Jr., Mgr. Retail Sales, Gilbert & Barker Mfg. 
Co., Springfield, Mass. 

Wituiams, C. R., Draftsman, E. I. 
Wilmington, Del. 

Witson, Anprew, Estimator, Montgomery Ward Co., Jamaica, 
ay Mh 2 


Barber-Colman Co., Rock- 


DuPont de Nemours Co., 


Wittsercer, C. F., Mech. Engr., Stewart A. Jellett Co., Phila- 


delphia, Pa. 
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REFERENCES 


Proposers 
G. E. Olsen 
H. L. Hosking 
C. E. Lewis 
I. B. Helburn 
F. E. W. Beebe 
D. J. Purinton 
L. B. Pittock 
F, A. Gunther 
J. H. Van Alsburg 
S. H. Downs 
R. E. Cherne 
T. M. Cunningham 


M. F. May 

N. A. Thomas 
W. W. Timmis 
F, B. Campbell 
Paul Sodemann 
E. E. Carlson 

T. F. Rockwell 
C. M. Humphreys 
A. R. Trevena (Non-Member) 
A. P. Darlington 
W. R. Stevens 

H. A. Pillen 

C. L. Toonder 
H. F. Hutzel 

M. G. Kershaw 
L. C. Davidson 
J. J. Braun 

K. A. Wright 


L. V. Larsen (Non-Member) 
F. J. Linsenmeyer 
C. E. Lewis 

l. B. Helburn 

C. H. Randolph 
J. H. Volk 

L. Ourusoff 

E. V. Fineran 

C. J. Braatz 

x, L. Larson 

W. H. Carrier 


A. C. Willard 


J. F. McIntire 


E. N. McDonnell 

M. G. Kershaw 

L. C. Davidson 

C. B. Pinto (Non-Member) 
J. B. Brown (Non-Member) 


P. L. Pryibil 
Benjamin Adams 


Candidates Elected 


In past issues of the Journat of the Society the names of the following men were listed as Candidates for Membership. The 
membership grade of each Candidate has been assigned by the Committee on Admission and Advancement and balloted upon by the 
Council. We are now instructed by the Council to post herewith, as required by Art. B-III, Sec. 8, of the By-Laws, the following 


list of candidates elected: 
MEMBERS 


Cuapin, H. G., Air Cond. Engr., York Ice Machinery Corp., 


York, Pa. 

Eapre, H. R., Archt., Winnipeg, Man., Can. 

ENncLisH, Harroip, Pres., English & Lauer, Inc., Los Angeles, 
Calif. (Reinstatement). 


GOTSCHALL, H. C.,, 
Chicago, Ill. 


Instructor, New Lane Tech. High School, 


Herinc, Atrrep, Htg. Contractor, Hering Htg. Co., Inc., New 
York, N. Y. 

Laver, H. B., Vice-Pres., English & Lauer, Inc., Los Angeles, 
Calif. (Reinstatement). 

Mauon, Miss B. B., Principal, 
Schools, Scranton, Pa. 


International Correspondence 


Mitter, B. R., Design Engr., Renz Engrg. & Equip. Co., Okla- 
homa City, Okla. (Advancement). 

Putten, R. R., Asst. Master Mech., Homestake Mining Co., 
Lead, S. D. (Advancement). 


Ryan, J. D., Bldg. Mgr. and Engr., Whitney National Bank 
Bldg., New Orleans, La. 


Taycor, R. F., Consulting Engr., Dallas, Texas (Reinstatement). 


Seconders 
J. A. Darts 
Homer Addams 
J. J. La Salvia 
H. E. Sproull 
A. O. Blackman 
L. L. Munier 
G. S. McEllroy (Non-Member) 
P. A. Edwards 
C. R. McConner 
W. G. Schlichting 
J. I. Lyle 
E. T. Murphy 
W. F. Schleck (Non-Member) 
Ernst Wetzel (Non-Member) 
W. K. Walker 
W. R. Zuhlke 
J. M. Foster 
G. W. F. Myers 


F. C. Houghten 
F, A. Gunther 
H. E. Paetz 


J. W. Brennan 

G. B. Houliston 

K. A. Wright 

Roy Conrad 

W. H. Cassel (Non-Member) 

A. E. Vroome 

R. F. Hunger 

F, D. Mensing 

I. B. Helburn 

G. W. Akers 

F. R. Bishop 

H. E. Sproull 

A. V. Hutchinson 

Martin Erickson 

Ernest Szekely 

W. E. Kingswell 

R. H. Feltwell 

D. W. Nelson 

R. P. Dewey 

A. P. Kratz 

S. H. Downs 

W. G. Boales 

R. E. Moore 

A. E. Vroome 

R. F. Hunger 

H. L. Bernstein 
(Non-Member) 

Herman Ahlrich 
(Non-Member) 

J. H. Hucker 

H. H. Erickson 


ASSOCIATES 


BANNON, L, 


E., Archt., Paterson, N. J. 


Jones, N. R., Sales Mgr., Orr & Sembower, Inc., Reading, Pa. 
Ruscer, C. A., Jr., Sales, American Radiator Corp., Winston- 


Salem, N. C. 
VANDERLIP, P. J., 
Mich. 


Sales & Engrg., Oil Heating Co., Lansing, 


Watson, H. D., Branch Mgr., Linde Canadian Refrigeration Coe., 


Winnipeg, Man., Can. 
Youne, E, 
Ohio. 


O., Pres.-Treas., The Young Vtg. Co., Cleveland, 


JUNIORS 


Baker, H. L., Jr, 
York, N. Y. 


Sales Engr., American Blower Corp., New 


Hartin, W. R., Jr., Htg. Engr., Columbia, S. C. 


Haus, I. J., 
kee, Wis. 
Lunp, C. E., 


Minn. (Advancement). 


Commercial Engr., Morley-Murphy Co., Milwau- 


Lab. Asst., University of Minnesota, Minneapolis, 


Macrag, R. B., Air Cond. Engr., E. J. Nell Co., Manila, P. I. 
STUDENTS 


Gites, J. C., Student, University of Oklahoma, Norman, Okla. 
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Equipment Developments 


For your convenience in obtaining more information 
about any of this equipment, see coupon on page 107 .. . 
Add the new products and companies listed here to your 
Directory Section which you received in your January 
1935 Heatinc, Prrpinc anp Am ConpiTioninc and thus 
keep your records of sources of supply up to date 
throughout the year . . . Single asterisk (*) indicates 
equipment not listed in Directory Section; double 
asterisk (**) equipment and manufacturer not listed. 


Air Conditioners Use Absorption Principle 


No. 600**—New “Air-O-Matic” air conditioning units for 
year ‘round service, development of which was announced last 
month, operate on absorption refrigeration principle. For heat- 
ing, low pressure steam is supplied to a copper finned heating 
coil within the central air distributing unit, can be supplemented 
by direct radiation if desired. This same low pressure steam, 
through an especially developed absorption refrigeration unit, 
provides refrigeration for summer conditioning. Change from 
winter to summer operation is effected by means of a master 
control. 

Both the solvent and refrigerant used are newly developed 

4 ‘ chemicals and are essentially non-toxic, non-inflammable, non- 




















































wid pS REAMES Mi ba 
CHEMIST FINDS NATURE'S SECRET AFTER YEARS operating conditions, states the maker. The steam requirements 


OF EXPERIMENTING IN A BASEMENT LABORA- for one ton of refrigeration are 19 lb (18,200 Btu’s) per hr at 
TORY—NOT 30 FEET FROM A HEATING BOILER 10 to 12 lb gauge pressure. Electrical requirements for one ton 


f refrig ion are 7! 0 ‘ ours pe Single phase 
Fue wiibes, the need hes Mmen seebenized bars of refrigeration are 75 to 100 watt hours per hr. ingle pha e 
substance that would stop a hot water leak by current may therefore be used in the smaller installations. For 
floating in the water, and lodging at the crack all sizes any low pressure steam boiler of proper capacity may 
to harden when exposed to air. Eggs, oatmeal, 
jinger and even washday water, saved and 
poured in at intervals—all these were tried and ro ; oe : , 
many other crude attempts were made to discover the secret of a per irigeration unit is between the seal face and seal seat of the 
manent repair that could be easily applied solution circulating pump, which seal face operates in a bath of 
Many times the ‘‘discovery’’ was announced, only to result in dis 
. appointment—the repairs were merely temporary plugs 
It was M. Etherton of Kansas City who, experimenting in a laboratory 
fitted up in his basement, combined his knowledge of chemistry and 2 in. of vacuum and the pressure on the high side is between 22 
metallurgy, and one fine day found in his test tube a synthetic solder and 28 Ib gauge. 
that was metallic and would function at 180°F DOLE SODRIN. As 
the new substance was perfected its action in water was found to be a : f 5 = 
the same as that of solder under the heat of a soldering iron per ton. Units are rated on basis of a 40 F saturated refrigerant 
For more than three years now tests have been made on over sixty temperature in the cooling coil with a water temperature entering 
regular commercial boiler repair jobs. The cracks sealed with Dole Sodrin 
are still holding up—they have every evidence of permanence. This and i 695 F. A5 F dec , : 
many other precautions were taken before any attempt was made to Genser of 95 . 2 cecrease aad water temperature increases 
put Dole Sodrin on the market the capacity 11 per cent and a 5 F increase in water tempera- 
Pere Dole Sodrin is the climax of many years of search ture decreases the capacity 9 per cent. An increase of 5 F in the 
‘ It is a discovery far too valuable to withhold. We 
oferthe steamfitters a means of quoting on a new 
type of repair for cracks in steam and hot water cast 
iron boilers. We give an opportunity to get repair capacity of the unit due to change in cooling water temperature 
jobs at a price the customer can afford to pay or saturated refrigerant temperature in the cooling coil, the 
And that's why we are in the boiler repair field 
with Dole Sodrin. We repeat it's a great discovery ne : aM : , 
, . andanewprofit-maker for our friends in the plumb These absorption refrigeration units are compact, the 4 ton 
‘ ing and heating industry. You will find it packaged unit being 48 in. long, 19 in. wide, and 65 in. high, and the 
» as illustrated and marketed under our money 20 ton 70 in. long, 69 in. wide and 60 in. high. Seven different 
back guarantee. Order today from your jobber : , a s ; meme 
sizes ranging from 4 to 35 tons are available-—Williams (jil-O- 
THE DOLE VALVE COMPANY Matic Heating Corp., Bloomington, III. 
1901-1933 Carroll Ave., Chicago, Illinois 


pew des 


corrosive to the common metals and chemically stable under all 


serve. 
Only metal to metal contact of moving parts within the re- 


oil, Maximum pressure against seal face is 45 lb. In normal 
operation, pressure on the low side of the unit is between 8 and 


Heat dissipated from refrigeration unit is 465 Btu's per min 


the absorber of 85 F and a water temperature leaving the con- 


temperature of the saturated refrigerant in the cooling coil in- 
creases the capacity 10 per cent. Independent of the change in 









steam requirements are 19 lb per hr per ton. 


o-~-«< 


Automatic Temperature Control for Large Buildings 


No. 601—New “Graduator” system of automatic temperature 
control for large buildings involves a number of features of 
interest. To avoid over-heating in mild weather, two thermostats 
—one inside, the other outside, the building—so actuate the main 
steam supply valve as to proportion the quantity of steam fed 
to the system accurately to the building heat loss. At the same 
time, automatic graduators at the inlet to each radiator assure 
rapid and uniform steam distribution throughout the system. 


Easy, Permanent Repair for Cracks in 
Steam or Hot Water Cast Iron Boilers 
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Have you SEEN 
and Studied 
that REPORT? 


That down-to-brass-tacks report on 


office building operating costs all over 


the country. The 


one called “Office 


Building Exchange Report.” 


Take heating costs for instance. 
It shows a cost variance of from 
two to thirteen cents a square foot 
per year, 


You may at once say: “Oh well, 
that doesn’t mean a thing because 
there is such a variance of tem- 
peratures all over the country.” 


But you are wrong. It does mean 
something. It does, because this 
cost variance is based on the At- 
lantic Seaboard zone, north of 
Wilmington, Delaware. 


In one of the buildings having 
138,000 square feet, the heating 
cost is 9 cents. The boiler is an 
old steel one. The radiators old 
timers, even older than the more 
efficient tube-type. The air valves 
are all over 10 years old. The 
gross yearly heating cost is now 
$12,420. 


Suppose by modernizing the heat- 
ing it would cut costs 2 cents a 
foot, which is conservative to say 
the least. It would mean a saving 
of $2,760 a year. In five years 
that means $13,800. It is easy 
to see that such a modernization 
expenditure would be se/f-liquidat- 
ing. 


Under new Federal Housing plan, 





low-cost loans can be raised up 
to $50,000 for modernizing heat- 
ing plants. We will be glad to 
cooperate with you in obtaining 
such loans. 


This typical building points to you 
the market there is ready to be 
cracked open by you men who 
can talk with paper and pencil. 
Talk with comparative cost facts 
and show how modernization 
costs are self-liquidating. 


For replacing large steel boilers, 
you can in many cases use the 
Burnham Twin Sectional. Sec- 
tions can be passed through the 
average door, overcoming all tear 
out costs. Leave the steel boiler 
in. Just install a Burnham Twin 
Section and pipe to it. 


The Burnham Slenderized Radia- 
tors will give a distinct saving 
both in space-taking and fuel. The 
Burnham Bellows Radiator Air 
Valves will add to the efficiency 
because of their positive action 
and non-corrosive construction. 


Send for Catalog 73. Get the 
facts. See for yourself how the 
Burnham Complete Line will give 
you the equipment to do a se/f- 
liquidating job. 


IRVINGTON, NEW YORE 


Representatives in all Principal Cities 


of the United States and Canada 















The Burnham Welded Steel 
Boiler has a reputation for 
fuel cost cutting that you 
should know about. 





The Burnham Cast Iron Twin 
Section Boiler makes replace 
ments an easy low-cost opera 
tion. Sections can be passed 
through any average door. 





The Burnham Bellows Air 
Valve is positive in action. 
Made of non-corrosive metals 





The Burnham  Slenderized 
Radiators take up 40% less 
room. Heat quicker. Cost 
same as old tube-type that do 
much less and take up 40% 
more room, 























FTEN you want to know not only 

what the pressure is, but how this is 
changing in comparison with some other 
pressure elsewhere. 


For this purpose Bristol’s Multiple- 
Record Gauge is used. It provides two 
records on the same chart. By the use of 
different colored inks, each record is dis- 
tinctive. The pen arms pass each other 
without interference, or confine the ranges 
covered to separate areas without over- 


lapping. 


Furnished with charts 12, 10 or 8 inches 
in diameter. 


Above: Bristol’s Recording Gauge, Model 
40M. Equipped with two pens for making 
two entirely different records on the one 
chart. 


THE BRISTOL COMPANY, WATERBURY, CONN. 
BRANCH OFFICES IN PRINCIPAL CITIES 
Canada: The Bristol Company of Canada, Lid., Toronto, Ontario. 


England: Bristol's Instrument Co., Limited, London, S. E. 16 


TRACE MARK 


BRISTOLS 


REG. U.S. PAT. OFF. 


PIONEERS IN PROCESS CONTROL SINCE 1889 
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For smaller buildings a single main valve is frequently sufficient, 
while for larger installations, separate valves are used for each 
heating zone. 

The valves do not control by varying the steam pressure, but 
the steam volume, regardless of pressure fluctuations, as follows: 

A small sealed tank, filled with air, serves as the outdoor 
thermostat and is connected to the valve by copper tubing. An 
increase in outside temperature expands the air in this thermo- 
stat, which puts a pressure on a bellows which expands and 
pushes the valve stem upwards, tending to close the valve. 

Attached to the valve inlet is a venturi tube which is propor- 
tioned to provide a definite steam velocity to the valve. A pitot 
tube inserted in the throat of this tube receives the impact 
pressure of the steam and conveys it to the inside of auxiliary 
bellows. 

The outside of this bellows is in communication with the valve 
body through a stem so that static pressure acts on the outside. 
The bellows therefore is actuated by the net velocity head, de- 
pending solely on the volume of steam flowing. The bellows 
is also attached to the valve stern and assists the outside thermo- 
stat in actuating the valve. By means of weights, the amount of 
valve travel is adjusted to suit local conditions, to enable the 
valve to balance itself at a point between open and closed. 

Provision is made for closing the valve automatically, at any 
time the building is warm enough, although the outside thermo- 
stat may call for heat. The valve which is placed in the inlet 
to each individual radiator consists of a small disc with a special, 
automatically variable opening. A small flexible plate is mounted 
at a fixed distance in front of a port; this distance determines 
the amount of steam admitted to the radiator at minimum steam 
velocity. When the steam flow increases, the disc bends out- 
ward, thus increasing the opening. The result is a proportionate 
increase in the flow of steam to the radiator. 

An adjustable gate on the inlet side of the graduator permits 
of adjustment of the initial opening, to assure a simultaneous 
flow of steam to all radiators, regardless of their distance from 
the steam supply.—Sarco Co., Inc., 183 Madison Ave., New 


York, N. Y. 


Unit Steam Main Perfected 


No. 602—Perfected unit steam main for underground distribu- 
tion lines is an entirely fabricated unit, ready to install, light 
weight and water-tight. Conduit sections are of “Armco” iron, 
galvanized and asphalt coated. Unit is self-contained, including 
pipes, supports, liner, conduit sections, and insulation (if de- 
sired). 

Advantages include less labor required in installation, least 
possible trench and pavement displacement, and less traffic delays, 
tending to lower total installed cost, states the maker; also, 
salvage value is nearly 100 per cent and entire system can, when 
desired, be moved to new location—The Ric-wiL Co., 1562 Union 
Trust Bldg., Cleveland, Ohio. 


Sheave Sizes Added 


No. 603—Additional stock sizes of “texsteel” 
V-belt drives have been added, now making it possible to furnish 


sheaves for 


“duro-brace texsteel” drives up to 15 horsepower. 

The grooves of the entire line are so designed that they can 
be used with A section belts (14”x44”) or with B section belts 
(44”xx6”) depending on the application. The standard line now 
includes 25 different diameters of sheaves from 3 up to 18 in 
inclusive for any number of grooves from 2 to 6 inclusive, or 
All are now available with interchange- 
able type hubs which are carried in stock with bores in 
increments from 2 in. up to the maximum bore.—Allis-Chalme* 
Mfg. Co., Milwaukee, Wis. 


125 different sheaves. 


‘ 
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AMERICAN BLOWER ENGINEERS 





These new Venturafin Unit Heaters are the result of 


ETE Ey 


with the standards of the American Society of Heating 


and Ventilating Engineers and are given numerous | | | | | | 


other tests. This shows a Stroboscope test to de- 
tect undue vibration or performance deficiencies. 


8 . Jk 


TUT yyy) 





Top: Sensitive watt meters in the American Blower 
research laboratories record the power input of the 
new Venturafin Units. Bottom: This extensive sound 
equipment which records and rates Venturafin Units 
for sound, eliminates guesswork and makes it pos- 
sible for you to select the proper Unit to conform 
with the existing sound conditions of any job. 


P., 
py) ~ 


ae | ” 1st unit heaters 


bol so with definite 





The new Venturafin Unit Heaters feature: — New 
Beauty — Morocco Finish with Stainless Steel Trim. 
Quieter Operation—The Ist unit heaters with 
definite sound ratings. New Standards of Efficiency 
—10 to 64% more heat, 4 to 45% more air with no 
increase in horsepower. 


Venturafin Units are tested and guaranteed 
for 150 Ibs. steam pressure. Before you 
buy any new heating equipment or take 
steps to modernize your present heating 
equipment, mail the coupon for all the data, 
prices, etc., on the new Venturafin Units. 


“enturafin Units are carried in stock in all principal cities—ask your heating contractor or mail the coupon for data 


American Blower Corp., 6000 Russell St., Detroit, Mich. 


Please send complete data on the new Venturafin Unit Heaters to: 
eee ican R arene WilitiscoBiceactnoceantee nciascoatadichaiie anemeiennss 


a HEATING. AIR CONDITIONING. DRYING. MECHANICAL DRAFT Type of Business 


F AMERICAN RADIATOR one 


Street City and State 
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MUNDET Yosnile CORK PRODUCTS 


ots 





Above is partial view of the air 
conditioning unit in the modern 
Daily News publishing plant, 
Brooklyn, N. Y. Illustration 
shows “Jointite” Pipe Covering 
with canvas and mineral 
rubber finishes. 


To secure efficient operation and permanent 
protection, all cold lines and ducts in the air con- 
ditioning system of the Daily News have been 
insulated with “Jointite’” Corkboard and Moulded 
Cork Pipe Covering. 


The surest way to obtain economical temperature 
control is to specify cork insulation. Mundet 
Cork products are made of 100% pure cork, the 
finest grade obtainable. They offer to the Air 
Conditioning Industry the same high quality and 
low transmission coefficient per inch of thickness 
that have maintained universal acceptance for 
Mundet cork insulation. 





ISOLATION MATS 
Write for a free 
Sweet’s Architectural 


MUNDET NATURAL CORK 
solve the problem of machine vibration. 
copy of our Catalog, or 
Catalog. 


UNDET C 


* 


refer to 


M 


7 A 
AA v « 


ORK CORP. 


450 SEVENTH AVENUE, NEW YORK, N. Y. 
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New Packless Expansion Joint 

No. 604—New packless expansion joint known as “U-Ring” 
type is based on new principle for controlling expansion in steam 
and hot water lines, or lines conveying gases or fluids subject 
to temperature variations. 
formed “U-rings” of stainless alloy steel, welded together with- 


Ixpansion element is a series of die- 
out transverse seams by a special process. One end is welded 
to the wrought steel body of the joint and the opposite to a plate 
welded to the sleeve. 

Joint is installed with expansion element compressed so that 
under operating conditions it is in a neutral position free from 
flexing strain when under maximum line pressure. 
and stop-bolts distribute the expansion and contraction move- 


Control rings 


ment equally, and joint is guided at three points to permit sleeve 
to move freely. Wrought steel body encloses expansion element, 
protects it from damage or dirt. 

Available for pressures to 400 lb and temperatures to 800 F 
with flanged or beveled welding ends, with or without anchor 
base. Normal traverse range is 1 in. to 8 in—American District 
Steam Co., North Tonawanda. N. Y. 


New Engine Driven Welder 

No. 605—New 200 ampere special engine driven “Shield Arc” 
low-priced welder supplies uniform current for welding with 
bare or heavily coated shielded arc type electrodes in all sizes 
up to 4 in. Welding current range is from 60 to 250 amperes. 
Generator is single operator variable voltage type with com- 
pletely laminated magnetic circuit and equipped with interpoles. 
Requires no external reactance or stabilizer. Dual control of 
welding current is provided by adjustment of both series and 
shunt fields. Separate excitation of the generator shunt fields 
is supplied by an exciter connected on the generator end of the 
unit. A generator field rheostat and a current regulating switch 
are mounted in vertical position on a “dead-front” steel control 
panel. Electrode and ground cable connections of the wing nut 
type are also in an easily accessible position —The Lincoln Elec- 
tric Co., Cleveland, Ohio. 


Balancing One-Pipe Heating Systems 


No. 606—Variable vent valve for balancing one-pipe steam 
heating systems, known as “Vari-Vent,” makes use of a needle 
valve construction which, says the maker, allows straight line 
control in that infinite regulation is allowed between fixed limits. 
The needle valve is raised or lowered to provide the necessary 
adjustment.—The Dole Valve Co., 1901-1933 Carroll Ave., Chi- 
cago, Il. 


Angle Switching Controls Compressor Motors 


No. 607—Angle switching equipment for controlling large 
synchronous motor driven reciprocating pumps and compressors 
to prevent the compression strokes on different units occurring 
in unison has been developed. Employing an electronic tube, 
this new device effectively reduces the magnitude of current pul- 
sations where two or more drives are used. Minimum pulsa- 
tions are desirable to reduce flicker in lights and interference 
with the operation of other electrical equipment.—Westinghouse 
Electric & Mfg. Co., East Pittsburgh, Pa. 

New Sawing Vise Set 

No. 608—New “Trimo” sawing vise set for holding, sizing 
and cutting thin wall copper and brass tubing cuts 100 per cent 
square to insure a perfect bearing against the fitting shoulder, 
states the maker; saw blade is held in close guides against and 
all around tubing while cut is being made. Tubing is sized and 
held to round while being cut, and both ends of tubing are held 
from sagging and prevented from forming “break-off burr” « 
“flat lip” at completion of cut. 

Set is made up in units of from 3 to 2 in. for welding, braz- 
ing or sweat fitting jobs in industrial and air conditioning wet 
—Trimont Mfg. Co., Roxbury, Mass. 
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MAIN STREET gets CLEAN AIR 
at Lowe cost through DUSTOP 


@ The nation-wide demand for clean air is increasing by leaps 
and bounds! Dustop replacement type air filters are highly 
efficient, fire resistant, easy to install—at a cost of only 1c per 
c.f.m. including filters, all frame members, nuts and bolts. 
Dustop’s low maintenance cost is only 3/10c to 4/10c per 
c.f.m. per year. Distributors, carrying complete stocks of 
Dustop replacement filters, located in all principal cities. 
(Dustop is distributed in Canada by General Steel Wares, Ltd., 
Toronto.) Owens-Illinois Glass Company, Industrial Materials 
Division, Newark, Ohio. 

OWENS- iC Tt AIR 
ILLINOIS (0) {2 FILTERS 





Stoker, Pump and Air Compressor Controls 


No, 609—Timed interval, single unit combustion control for 
stokers (“Penn Type 550”) is rated for % hp single phase 110 
volts a-c service to handle directly domestic and semi-commercial 
stoker installations, and may be used as a pilot control for stokers 
rated in excess of this switch rating. 

Control incorporates transformer which supplies low  voli- 
age to the control circuit, a synchronous electric timer and a 
relay. The timer automatically restarts upon return of current 
following current failure. 

Timer operates in conjunction with room temperature control 
to maintain combustion without materially affecting room tem- 
peratures and without unnecessary fuel consumption, regardless 
of outside weather conditions, states the maker. 

The same company has recently introduced two new controls 
for pump and air compressor service up to 80 lb maximum pres- 
sure, regularly provided tapped for 4 in. standard pipe thread 
pressure connection, but available in 4% or % in. tapped con- 
nection. Both are double pole, double break switches. 

The “Type 140” incorporates bimetal overload protection with 
patented trip-free reset button. When this button is depressed 
to reset the trip-out mechanism, the contacts are blocked open 
and held in open position until the button is released. Thus it 
is impossible for a user to block the contacts closed in any man- 
ner, preventing burned out motors—Penn Electric Switch Co., 
Des Moines, Iowa. 


Boiler Repair Solder 


No. 610—Boiler repair material (“Sodrin”) is a synthetic 
solder made from a base of pure aluminum, and has the property 
of melting in hot water and hardening when cooled at the leak 
Circulation of water in a boiler or piping carries the 
For steam boilers, it is inserted in the water 


by air. 


solder to the leak. 
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line near the leak, the boiler is fired to about 3 Ib, and pressure 
held until the solder solidifies—The Dole Valve Co., 1901-1933 
Carroll Ave., Chicago, III. 


Schoolroom Units 


No. 611-—-New “Air-O-Lizer” unit ventilator for schoolrooms 
incorporates directional flow grilles to direct the heated air into 
the room in any desired direction so that intervening windows 
and bare wall spaces may be blanketed with heat to eliminate 
cold spots and drafts. Grille is in the top of unit and is com- 
posed of main or central section, and two smaller end sections 
which may be turned to any desired angle. 

Other features include ventilated pipe spaces to prevent freez- 
ing and increase the efficiency of the unit ventilator, one piece 
light weight balanced aluminum dampers lined with felt, multiple 
fans with full floating mounted shafts to eliminate noise and 
vibration. Unit is sound-proofed, insulated and the motor and 
power unit are cradled in felt—The Trane Co., La Crosse, Wis. 


Self-Cleaning Spray Nozzle 


No. 612**—New spray nozzle designed for humidification use, 
or for any place where spray with low viscous liquids is required, 
operates on pressure of 35 lb or more, passes approximately 6 
quarts per hr through the nozzle. 

Orifice is automatically cleaned each time the water is shut off, 
accomplished by means of a spring action piston in the end of 
which is the orifice, and a cleaning pin. The piston moves for- 
ward when the water is turned on and returns to its original 
position by spring action when water pressure is released forcing 
the cleaning pin into the orifice. Can also be furnished to im- 
pinge a fine stream on a baffle plate, operating on pressure of 25 
lb or more.-—Rega Mfg. Co., 79 Mt. Hope Ave., Rochester, N. Y. 





NEW YORK 
489 FIFTH AVE. 








BUSH FINNED TUBING 


FOR EVERY HEAT TRANSFER PURPOSE 





OUR STANDARD LINE HAS 38 COMBINATIONS OF PRIME AND 
SECONDARY SURFACE 





SPECIFICATION SHEETS MAILED ON REQUEST 


THE BUSH MANUFACTURING CO. 


DETROIT 
6432 CASS AVE. 


CHICAGO 
610 N. OAKLEY BLVD. 
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Century 30 H. P. Squirrel 
Cage Polyphase Motor 
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Century 1-1/2 H.P. 
Single Phase Motor 








AIR CONDITIONING 


Ask Anybody!... 


Century Motors have played a leading part in as- 


For more than 30 years 


suring the satisfactory operation of Pumps, Refrig- 


erators, Compressors, Fans, Blowers and similar 


equipment which is now grouped under the general | 


heading “Air Conditioning”. 


It stands to reason that this wide experience and 
demonstrated ability to meet all the demands of the 
individual equipment offers conclusive assurance of 
Century's ability to meet all the co-ordinated de- 


mands of the grouped equipment. A complete line 





of motors—in a wide variety of types adapted to | 


the majority of industrial applications—in any de- 


sired mounting—in sizes up to 600 Horse Power! 


Send for Century Bulletins—Consult Century Engineers. 


COMPANY 


St. Louis, Mo. 


CENTURY ELECT 
1806 Pine Street 


Offices and Stock Points in Principal Cities 


Cn 


mun MOTORS 1/250 TO 600 H. P. 


RIC 
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in size (a micron is 0.00004") and YY 
smaller. %, 
This filter has the great added con- aS 
venience of cleaning itself automati- ‘" 
cally. And there’s no replacing of UN 
Sy = ifilter cloths—no messy cleaning of [gaa 
We sludge pans. ais 
\N 
> } WRITE FOR BULLETIN F-350-1. AY 
Sd The ry 
Qi 
A COUPIPUS * 
4 \) 
 DRY-MATIC A 
\' FILTER iy, 
\\\ FULLY AUTOMATIC ie 
we | 
AN A product of ‘ 5 
~ Corrpuss e 
ENGINEERING kh _4 CORPORATION 
374 PARK AVE., WORCESTER, MASS. 4 
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mAvE Clean 


AS AIR IN THE 
MOUNTAIN PINES 
with the Coppus 


Self-Cleaning Filter 


97% of city dust consists of tiny par- 
ticles (3 microns and smaller) that 
slip through the ordinary filter. By 
actual dust count of filtered air (the .Y 

sure test the Government uses)—no X Y 
type of filter is as efficient as the Cop- 
pus Dry-Matic. Dust count tésts have 
proved that the Dry-Matic stops 
88.6% of all dust particles 2 microns 
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"The Dry Malic $s ts Cwon Carstaber 


1929 




















































When They’re 
Bossed with a “K”’, 
Smiles Hold Sway 


In Other Words— 


There's experience in them—47 years of it. 
There's iron of the right analysis in them. 
They're close of grain and smooth and clean. 


They're hand inspected and, being accurately 
threaded and chamfered, they're guaranteed to 
make up easily and pull tight—the significance to 
you of that "K" on the casting. 


Complete Line in Heavy Production 





Standard and Extra Heavy Screwed Fittings, 


American Sprinkler Fittings, Standard Flanged 
Fittings, 

Standard and Extra Heavy Companion Flanges, 
Drainage Fittings, 

Strict adherence to M. S. S. standards. 
Combined marketing facilities on both "K" cast 


iron and on M. |. F. malleables. Complete stocks 
of both at Dayton, Ohio, and Branford, Conn. 


KUHNS BROTHERS COMPANY, Dayton, Ohio 


OF algels 





Catalog for 


Theale 8 RSME Industrial 


Users 


—lisle-mt-t-¥/ 











Heating -Pipin 
- Air Conditioning November, 1935 








New Line of Exhaust Fans 


No. 613—New line of exhaust fans, known as “Macheta Air- 
foil” comes in a wide variety of ratings through various com- 
binations of blade numbers, pitch ratios, and speeds. These fans 
are applicable to ventilation, heat and vapor removal, space and 
man cooling, drying, and air conditioning. 

Two, four and six blade types, direct connected or belted, are 
available. The design is fully described in a recently issued 
bulletin—Aerovent Fan Co., Piqua, Ohio. 


Acetylene Cylinder Manifold; Acetylene Generator 


No. 614—New wall type acetylene cylinder manifold (“Oxweld 
Type M-8”) is available in a ten cylinder unit to which ex- 
tensions in units of five cylinders or ten cylinders can be made. 
Manifold consists of two high pressure header units which feed 
into a central regulation system which delivers acetylene to the 
distribution piping system at pressures up to 15 lb per sq in. 

A new small size medium pressure acetylene generator for 
portable or stationary service also has been announced. It has 
a 50 lb carbide capacity with a double rating of 100 cu ft of 
acetylene per hr and was developed for portable or stationary use 
with any type of oxy-acetylene cutting or welding apparatus. 
Linde Air Products Co., 30 E. 42nd St., New York, N. Y. 


Air Meter for Field Use 

No. 615-—New “Air Meter” gives direct readings of static 
pressures, velocities, drafts, cfm, etc., and was designed for field 
use in heating, ventilating and air conditioning work for veloci- 
ties 14C to 2,832 fpm, pressures or vacuums from 0.00125 to 0.50 
in. of water. Among the applications are balancing duct systems, 
estimating required cfm, obtaining total pressure, static pressure, 
duct velocity, cfm, static loss in a system, filter or air washer, 
checking chimney draft, etc. Zero correction and leveling device 
are integral. 

Complete in a portable case 3% in. by 3% in. by 14% in., the 
instrument has a net weight of 2 lb, 3 oz.—Julien P. Friez & 
Sons, Inc., Baltimore, Md. 


Timing Relay for Compressor Starting 


No. 616—Timing relay designed for those applications where 
a timing interval between the functioning of two or more elec 
trical circuits is required may be used in connection with air 
conditioning where two or more compressors are used to pro- 
mote economical operation. Allows each compressor to reach 
full operating speed before the next compressor starts, reducing 
the demand load, and frequently making possible the use of 
existing wiring in a building instead of installing new lines. 

The time interval is provided by a sealed thermal relay which 
actuates an auxiliary magnetic contactor, the assembly being 
mounted in a metal box with terminal board. Available for use 
on 115 or 230 volts, a-c or d-c.—Edison Electrical Controls Div., 
Thomas A, Edison, Inc., West Orange, N. J. 





Glass Block for Buildings 


No. 617—Developmert of an improved “Insulux” glass block 
for building purposes, which has stood up under pressure of 
72,500 lb to a single block and which reduces heat flow, deadens 
sound, transmits and diffuses light, deflects sun glare and resists 
fire was announced recently. 

Variations of light transmission are obtained through a variety 
of face cuttings on the block. Depending upon the face cutting, 
the blocks transmit as low as 11.7 per cent and up to 86.5 per 
cent of the light falling upon them. The blocks also practically 
eliminate condensation on the inside walls, it is stated. Tests 
showed no sweating when the outside temperature was 16 F 
below zero with an inside temperature of 70 F and 40 per cent 
humidity. Tests of a 37¢ in. wall indicated a heat transmission 
coefficient of 0.29 Btu per hr per sq ft per F difference in tem- 


perature.—Owens-IIlinois Glass Co., Insulux Div., Muncie, |. 
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NEW— 
UP-TO-THE-MINUTE! 


Lewis’ New 


“Air Conditioning 
for Comfort” 





By Samuel R. Lewis 





277 Pages—$2.50 
Large Psychrometric Chart 





Giving full consideration to the very latest air condition- 
ing methods, equipment, and design practices, this en- 
larged, second edition of Samuel R. Lewis’ popular 
book is, in every respect, the very last word on comfort 
air conditioning. 


From this book anyone may quickly acquire a thor- 
ough, up-to-date, and accurate knowledge of the com- 
fort air conditioning science. In clear, concise lan- 
guage, Lewis presents all those facts and data relating 
to equipment, psychrometry, refrigeration, humidifying, 
dehumidifying, the human body, heat transmission, heat 
absorption, air volumes, air distribution, water circula- 
tion, and operating costs that the engineer must know 
and understand in order to correctly design year ’round 
air conditioning systems for both residences and large 
buildings. 


Two complete examples of air conditioning design work 
are presented in the book. Selecting a typical resi- 
dence, and a new office building housing a bank, offices, 
stores, cocktail lounge, restaurant, and kitchen, Lewis 
works out the heating and cooling load calculations for 
both in their entirety, using record sheets which make 
it easy for the reader to follow every step. 


All engineering data required for air conditioning de- 
sign calculations are included in “Air Conditioning 
for Comfort.” Scores of charts, tables, and formulas 
are given. The proper application of each of these 
data is made clear by actual examples. A whole chap- 
ter is devoted to the formulas for psychrometric com- 
putations covering humidifying and dehumidifying, 
while another explains the estimation of operating 
costs, and includes a curve of operating hours for 
cooling plants based on design wet bulb temperature. 


No one who carefully reads this book can fail to gain 
a comprehensive understanding of just what air con- 
ditioning is, how it works, what it costs, and how to 
proceed in the designing of satisfactory systems. A 
copy belongs in the hands of every one interested in or 
doing air conditioning work. 


Send $2.50 for a copy today. If it does not come up 
to your every expectation, return the book within 10 
days and your money will be refunded. 


KEENEY PUBLISHING COMPANY 
6 N. Michigan Ave., Chicago, Ill. 
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U.S. Varidrive MOTOR 


DEVELOPED FOR THE VENTILATING INDUSTRY 


Diaphanous view of 
Varidrive revealing 


compactness and 
simplicity of design. € 


Variable Speed for Fans 


Speed of fans can be varied to the precise speed required, 
making it unnecessary to operate part of the time above the 
correct speed and part below. The Varidrive offers inslani 
change of speed. It operates quietly. The speed is changed 
merely by pressing a button or by turning a wheel, locally 
or from a remote control. The U. S. Varidrive Motor operates 
economically; no power consuming resistance or rheostats 
are used. There are no brushes to wear out or slip-rings to 
refinish. This motor is self-contained, occupying little more 
space than a single motor. It is a simplified variable speed 
unit long needed by the ventilating industry. Our new illus- 
trated Bulletin completely describes and 
illustrates this revolutionary motor. Send 
the coupon for a copy. 


U.S. ELECTRICAL MOTORS, Inc. 
1599 So. Western Ave., Chicago, Ill. 











SEND COUPON FOR BULLETIN 


U. S. ELECTRICAL MOTORS, INC. 
1599 South Western Ave., Chicago, Ill. 


Without obligation, send me your illustrated Bulletin. 





Name ne ‘ ‘ = 
Address___ 7 ae ee ee 
City 






















The Editor’s Page— 
[Continued from page 27, front section] 


Equipment,” Glenn Muffly; “Pipe Line Air Conditioning,” Nels 
H. Rosberg; “New Installation in Gimbel-Saks Stores,” C. S. 
Leopold; and “Proposed Standard for Rating and Testing Me- 
chanical Condensing Units,” L. S. Morse. A debate— 
“Should Engineering Be a Closed Profession?” (that is, in the 
sense that the profession controls its numbers and qualifications ) 
—-will be a feature of the meeting. 


Air conditioning increases attendance and should go far toward 
reviving interest in the stage during summer months, according 
to the management of Henry Miller's Theater, New York, re- 
cently air conditioned legitimate playhouse. . . An unusual 5'4 
story New York apartment building, utilizing glass block con- 
struction, will have two air conditioning systems, one for each 
apartment. . . . A studio will occupy the ground floor... . H.G. 
Wells predicts air conditioning for every office and residence a 
century from now in his book Things to Come. Seems ra- 
ther conservative, at least insofar as offices are concerned. 


An article in a recent issue of the Baltimore & Ohio Magazine 
describes how air conditioning has revolutionized the sales appeal 
of American railroads, emphasis now being placed on comfort. 
The railroads have done a real job in attracting interest and 
patronage with air conditioning, a job that many another busi- 
ness can well—and are, in some cases—emulate. The pro- 
ceedings of the homes conference held last June at the Purdue 
Research loundation have been published by the Foundation as 
a 56 page booklet. . . . The Policyholders Service Bureau of the 
Metropolitan Life Insurance Co., New York City, recently issued 
Manufacturers Provide 


a report entitled “How Equipment 


Against Inadequate Specifications in Customers’ Orders.” 





Use RIC-WIL 
Unit Steam Main 


for Economy and Speed on 


UNDERGROUND 
DISTRIBUTION SYSTEMS 


Vi 
“ y 


MAGINE a fully fabricated, ready-to-install under- 
The construction factor vir- 
light-weight, 
Completely assembled at 
factory, including pipe, supports, insulation, liner and 
Each Unit equipped with expansion and 
anchor device to eliminate manholes, if desired; or, we 
furnish fabricated manholes with standard expansion 
Shipped in units of 
Armco Iron, galvanized and asphalt 
Famous genuine 
Ric-wiL waterproof Asbestos Dry-PaC insulation. Ric- 


ground steam main! 
tually eliminated. Durable, 
water-tight, self-contained. 


compact, 
conduit. 


and anchor devices, complete. 
1314 ft. in length. 


coated, used for conduit sections. 


wiL tile cradle base drain foundation optional. 


{? Recistaned in U. S. PATENT Orrice 


CONDUIT SYSTEMS FOR 
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There is no reason why a heating or air conditioning plant can't 
be neat and attractive in appearance as well as efficient. A good 
job ought to look good. It is more confidence-inspiring, gets 
better maintenance attention. Such plants are cailed upon to do 
some pretty dirty work in many cases but it is worth the effort 
and slight expense to keep them clean and painted. 








Conventions and Expositions 








International Acetylene Association: Annual convention, Nov. 
12-15, Cleveland Hotel, Cleveland, Ohio. Secretary, H. F. Rein- 
hard, 30 E. 42nd St., New York, N. Y. 

American Society of Refrigerating Engineers: Annual meeting, 
December 4-6. Hotel Pennsylvania, New York, N. Y., Secre- 
tary, David L. Fiske, 37 W. 39th St., New York, N. Y. 

Welding Conference: December 5-6, Purdue University, LaFay- 
ette, Ind. 

American Society of Mechanical Engineers: Annual meeting, 
December 2-6, Engineering Societies Bldg., New York, N. Y. 
Secretary, C. k. Davies, 29 W. 39th St., New York, N. Y. 

International Heating & Ventilating Exposition: January 
27-31, International Amphitheater, Chicago, Ill. Manager, Charles 
F. Roth, Grand Central Palace, New York, N. Y. 

American Society of Heating and Ventilating Engineers: An- 
nual meeting, January 27-31, Palmer House Hotel, Chicago, III. 
Secretary, A. V. Hutchinson, 51 Madison Ave., New York, N. Y. 

National Warm Air Heating and Air Conditioning Associa- 
tion: Winter meeting, January 27-29, Hotel Stevens, Chicago, III. 
Managing Director, A. W. Williams, A. I. U. Bldg., Columbus, 
Ohio. 

Southern Industrial Show: April 6-11, Textile Hall, Greenville, 
S. C. Wm. G. Sirrine, President. 










Patented 


Utility test re- 
ports and com- 
plete details of con- 
struction of this 
unique money-saving 
system sent promptly on 
request. 


Practically all 
Trench and 


Factory assembly cuts field labor costs. 
work done with common labor and welder. 
paving displacement the absolute minimum. All sections 
Total installed cost the lowest 
Reclamation 


marked for proper placing. 
at which a durable system can be obtained. 
value practically 100%—entire system can be moved and 


installed elsewhere. Special units furnished to specifications. 


The Ric-wiL Co., 1562 Union Trust Bldg., Cleveland, O. 
New York 


ee 


San Francisco Chicago 


Agents in principal cities 
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FIRST CHOICE OF ARCHITECTS, 
ENGINEERS AND CONTRACTORS 
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® 

Aerofin Standardized Light Weight Fan System heat 
exchange surface is the first choice of architects, engineers 
and buildiag owners for Heating or Cooling because of its 
proved superiority. Progressive heating and cooling con- 
tractors install it because it gives complete satisfaction. 

Aerofin is years in advance of ordinary heating and cool- 
ing surface because of its exclusive features. It is available 
in aluminum, copper or other special metals. Whatever you 
have wished for in a fan system surface you will find in 
Aerofin. 


The home office in Newark or any of our branch offices 
will gladly send complete descriptive literature or render 
prompt, personal and efficient technical cooperation. Simply 
write to the address below. 














Aecrofin Flexitube 
Unit for Heating 


POST OFFICE BUILDING. DETROIT 


Aecrofin Was the Choice When It Came to Fan Sys- ” no 
tem Surface for the U. S. Post Office in Detroit. niente 


Robert O. Derrick, Architect and Engineer; 
Freyn Bros., Heating and Ventilating Contractors; 
Fan Apparatus by American Blower Corporation. 


with 





PHILADELPHIA 








Sarco Saves 
450 Tons of Coal 


A most interesting example of how it pays to mod- 
ernize heating systems is that of the |5-story apart- 
ment house pictured, located at Broadway and 98th 
Street, New York, and owned by Metropolitan Life 
Insurance Company. 


The saving of 450 tons in one heating season rep- 
resents one-third of the fuel consumed in a normal 
heating season. It was accomplished at a relatively 
trifling cost and without inconveniencing the tenants, 
by fitting each radiator inlet valve and trap with a 
Sarco Adapter. New Sarco float-thermostatic traps 
were also installed on all risers and at the ends of 
the steam mains. 


It was then easy to maintain a vacuum on the sys- 
tem, resulting in quick circulation of the steam to all 
radiators, at reduced pressure. The increased com- 
fort for the tenants has improved the occupancy of 
this building. 


Sarco adapters are guaranteed to make old radia- 
tor traps of any make equal to new in steam saving. 
They consist of a cap and motor element which can 
easily be fitted into any trap or inlet valve without 
disturbing the pipe connections. 





See our Exhibit at Booth 144, Inter- 
national Heating & Ventilating Ex- 
position, Amphitheatre, Chicago, til., 
January 27th to Sist, 1936, 








Write for Booklet O-111 


SARCO CO., INC. 


183 Madison Ave., New York 
Branches in Principal Cities 


Sarco Canada Limited, Federal Bldg. 
Toronto, Ont., Canada 


SARCO System 





Adapter 











U. S. Pat. 1,970,105 


An Eye Opener for 
7 
Heating Men '::::: s::«: 


have given heating men some new and better ideas about 
unit heater design, —inside and outside. Handsome 
sturdy cabinets...elimination of expansion stresses 
between element and cabinet as well as between neigh- 
boring tubes . . . streamline copper tubes with patented 
fin design . . . curved headers for resistance to pressure 
and diaphragmatic action... resilient motor mount- 
ings... graduated pitch fans,—all are features which 
make Series 3 Unit Heaters do a better job. 


Their handsome appearance and quieter operation 
open up the commercial market in addition to indus- 
trial uses. 


Twenty standard models provide the most effective 
and economical size for every need. Write for Catalog 
527, it shows you why Fedders Series 3 Unit Heaters are 


worth looking into. 
$7 Tonawanda Street, Buifalo, N. Y. 


FE D i: RS Please send me Unit Heater Catalog 
Serie. Meme essen 


Concern 
UNIT HEATERS 


oR aaa n eee 


FEDDERS MANUFACTURING CO. 4g 


Street City.... , a 
HP-11 @ 
re 
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Trouble Shooting— 
[Answer to trouble job described on pp. 528-529] 


As we were cleaning up preparatory to leaving, from some- 
where within the dark recesses of the mind came a memory of an 
ordinary desk fan set on the floor blowing against a radiator in 
order to condense steam more quickly and heat an otherwise 
chilly room. Could it be possible that the ventilating fan pro- 
vided a brisk enough air movement around the return mains to 
condense the steam so fast that it was impossible to build up 
steam pressure in the return mains to the full boiler pressure? 
After all, there was a very large area of return pipe exposed in 
the plenum chamber and a very restricted connection feeding 
steam from the supply main into the return main. In addition, 
the return main was hung almost directly below the exhaust 
mushrooms. 

Instructions were given to stop the supply fan and then have 
the boiler fired up again. As the pressure slowly rose, the water 
line held steady and the boiler reached 10 Ib pressure. Very 
much encouraged, we repeated the test with the same result. 
No water was lost from the boiler even though the pressure 
reached 12 Ib. To make doubly sure the boiler was checked and 
the pressure allowed to fall to 1 lb. The fan was started and 
the boiler fired. By the time the pressure reached 7 lb, the water 
had completely disappeared from the gauge glass as usual. 

Cause of the trouble was now apparent. The uncovered steam 
mains condensed much more steam with the air moving around 
the pipe than the % in. connection at the end of the steam main 
was able to feed into the return main. While this may seem 
puzzling, it can best be understood by reference to Fig. 3, which 





5 1d. pressure 
ne, 


















Fig. 3—Illustrating the prin- 
ciple which caused the trouble 


illustrates a large radiator fed by a pipe with a very small 
orifice in it. With, say 5 lb steam pressure in the pipe line, it 
would still be impossible to maintain more than 1 Ib pressure in 
the radiator. Due to the small size of the orifice it would take a 
pressure differential across the orifice of at least 4 lb to feed as 
much steam into the large radiator as the latter was condensing. 
This was precisely what was happening in the return main, which 
had a comparatively large exposed area, through which the heat 
transfer was accelerated due to the brisk air movement in the 
plenum chamber. 

Instructions were given to insulate all the return mains. At 
first, we considered advising cross connections between the steam 
main and the return line at various points, but decided not to 
attempt this for fear of difficulties with steam circulation and 
water-hammer. In addition the theater might have difficulty with 
overheating in mild weather due to the steam in the return. Since 
they had already experienced a little trouble from this source, 
insulation seemed to offer the most satisfactory cure. 

After the return mains were insulated, no further difficulties 
were encountered. The fan could be run at full speed and the 
boiler pressure carried at 10 lb without losing any water. 





In the article “Air Conditioning Fundamentals” by Louis A 
Harding in the September, 1935, H. P. & *A. C., the division sig 
(/) in Eq. 1 and in the preceding equation on page 430 should 
be replaced by a multiplication (x) sign.. The numerator ‘ 
Eq. 2 should be multiplied rather than divided by 778. 
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There are tworeasons 
for the high unifor- 
mity of Fretz-Moon 
Pipe. First, the steel 
skelp from which it 
is made is specially 
rolled from steel of evenly high quality. 
Second, the exclusive “continuous proc- 
ess” by which it is made takes advantage 
of the most modern methods of speed 
and temperature control and entirely 
eliminates guesswork and the possibility 
of variation in the product. 

Because of these, Fretz-Moon Pipe 
possesses high degrees of uniformity, 
ductility and cleanliness not found in 
steel pipe made by ordinary methods. 

The complete story of how Fretz- 
Moon Pipe is made and why it is better 
is contained in an illustrated booklet. 
Write for a copy. 


we 


FRETZ-MOON TUBE CO., INC. 
BUTLER - PENNA. 


FRETZ-MOON 
PIPE 


AND GALVANIZED 
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Keep places like these 
comfortably and safely warm 
at low cost this winter 


| @ Isolated offices 
@ Washrooms 

@ First-aid stations 
@ Control rooms 


@ Watchmen’s houses 





@ Pump houses 














@ Sprinkler valves 
@ Crane cabs 
@ Storage rooms 


@ Rest rooms 
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G-E industrial air heaters will help you solve your winter 
heating problems. They are economical—no standby losses; 
always available—not dependent on boilers; easy to install—no 
steam piping to run; low in maintenance—strongly built; port- 
able—heat where you want it; simple to operate — just turn 
the switch. 


Send the coupon for our handy “mail- 
order catalog.” It contains complete in- 
formation, including prices, on G-E in- 
dustrial air heaters, and the answers to 
hundreds of heating problems that come 
up in the average industrial plant every 
year. 






SEND FOR HANDY CATALOG 


General Electric, Dept. 6B 201, Schenectady, N. Y. 


Please send me your “mail-order catalog” (GEA-1520B), which will give 
me complete information, including prices, on G-E industrial air heaters. 


NAME 
COMPANY... 


ADDRESS 
160-17 


GENERAL @ ELECTRIC 
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TheMost 
Ef ficient 
Solution 

to Building 
Heating 
Problems 
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GHARACTERISTIC HEAT DISTRIBUTION 
OBTAINED WiTH THE MODERN WING 
FLOODLIGHT METHOD OF HEATING 

















today, 


Keen competition is, 
turning the attention of indus- 
trial executives and commercial 


building owners more and more 


to the problem of reducing 
maintenance costs to a mini- 
mum. 

Heating systems and meth- 


ods are not being overlooked, 


for informed and progressive 
managements are demanding: 
the heating system that will 
not interfere with production 


equipment or take up valuable 
floor space—that delivers a 
uniform invigorating tempera- 
ture over the entire working 
area—that eliminates the con- 
centration of (wasted) 
heat in the upper areas of the 
room or building. 

The Wing Floodlight Method 
is the ONE system that is de- 
signed to overcome these vital 





useless 


deficiencies of the ordinary 
methods of heating. 
It will pay you to recom- 


mend and specify this advanced 
method of heating—write to- 
day for complete information. 


L. J. Wing Mfg. Co. 


14th Street and Seventh Ave. 
New York, N. Y. 


And Everywhere 


NG 
HWoodlight 
HEATING 


Heating - Piping 
aiAir Conditioning 











November, 1935 








Booklets, Reports and Papers 








Lubrication of Air Conditioning Equipment 


“Lubrication of Air Conditioning Equipment,” Vol. XXI, No. 
8 of the publication “Lubrication” regularly issued by The 
Texas Co., 135 E. 42nd St., New York, N. Y. 16 pp., 7 x 10 in. 

This summary of the lubrication problems in connection with 
refrigerating compressors (both reciprocating and centrifugal), 
fans, and motors contains a great deal of information in few 
words. Types of equipment requiring lubrication are described, 
miscibility of refrigerants with lubricating oils discussed, and 
the factors governing absorption of “Freon” by lubricating oil 
described. Lubricating oil requirements for this work are ex- 
plained under the headings viscosity range, flash point, corrosion 
and resistance to breakdown, and the physical effects of tempera- 
ture upon oils and the effect of wax content are summarized. 

The splash, pressure and ring oiler methods of lubrication of 
air conditioning compressors are briefly described with notes on 
design and operation for best results, as is the use of piston rings. 
The report concludes with several paragraphs on motor and 
fan bearing lubrication. 


Properties of Ammonia Solutions 


“Properties of Ammonia Solutions (Aqua Ammonia Tables 
and Chart),” prepared by A. B. Stickney, Engineer, Armour & 
Co., and published by the American Society of Refrigerating En- 
gineers, 37 W. 30th St., New York, N. Y. 1 p., 1 chart, 2 tables. 
84% x 11 im. Price, 15c. 

Probably due to lack of correlation of the available data in 
compact, readily understandable form the absorption ammonia 
cycle is possibly the least understood, from the quantitative 
standpoint, of those with which the refrigerating engineer deals. 
To make the data readily usable, the present chart and table on 
thermal properties of ammonia—water solutions have been de- 
veloped, based upon the work of Bosnjakovic, Wucherer, Zinner, 
and others. Use of the information presented is briefly explained. 


New Psychrometric Chart 


The air conditioning department of the General Electric Co. 
has announced a new, improved psychrometric chart which is the 
result of research and experiment to develop a chart which 
would be more practical in form and which would simplify the 
reading of charted values. Values of all characteristics 
be read, from any stated point on the chart, without the use of 


can 


auxiliary curves. 

Designed for permanent use, the chart measures 14x20™% in. 
and is printed in light brown and black on a specially developed 
surface which takes a drawing pencil like a good quality drawing 


paper. Pencil lines of any color may be either washed or erased 
easily from the chart. 
The chart is obtainable at nominal cost, through General 


Electric air conditioning dealers. 


Flow of Fluids in Pipes and Heat Transmission 


“Engineering Data on Flow of Fluids in Pipes and Heat 
Transmission,” Technical Paper No. 405, prepared by the product 
engineering department and published, 1935, by Crane Co., 836 
S. Michigan Ave., Chicago, Iil., Planographed, 84 pp. and paper 
cover, 8%x11 in. 

Flow of fluids in piping and heat transmission, two much 
discussed engineering topics, require experimentation and _ re- 


search to develop consistent methods of calculation. This booklet 
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Owttn me S00 die ‘ 
. SCOno; 
"TH PmcK Mermrctner ng! sted 


Air Conditioning 


Sixteen 


Pages on Air Conditioning for 


theatres, hotels, funeral homes, residences and 


industrial plants .. . dozens 











— 


of photographs... data on 
the four kinds of refrigera- 
tion applicable. You will 
want this comprehensive 
new book... ask for your 
copy today. 

Air Conditioning with 
Frick Refrigeration is the 








The Cluster Theatre in 
Baltimore, Md., is one of 
the Dozens of Theatres 


answer to your needs for 
economy with effective- 
ness. Hundreds of installa- 


Air Conditioned with 


Frick Refrigeration 


tions (many made long be- 
fore the term “Air 








= 
Lescee 


Jack Dempsey’s 
New York City, is Air Conditioned 
throughout with Frick Refrigera- 






Conditioning” was in- 
vented) give Frick the 
background of experi- 
ence upon which you 
can depend. Get full 
facts and figures now. 
Branches and Distrib- 
utors everywhere. 


| 
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WAY NESBORO, PENNA. U.S.A. 
RICK ©0 


DEPENDABLE REFRIGERATION SINCE i882 
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2-SPEED 
3-SPEED 
4-SPEED 


CONSTANT 
TORQUE 


VARIABLE 
TORQUE 


CONSTANT 


HORSEPOWER 


agner multi- 
speed motors 
are especially 
suitable for air conditioning equip- 
ment, refrigeration systems, blowers, 
fans, conveyors, compressors, or for 
any machine where it is desirable to 
operate at more than one constant 


speed. 


No matter what your motor require- 
ment may be, there’s a Wagner multi- 
speed motor designed and built for the 
job. They are available in 2-speed, 
3-speed, 4-speed, constant-torque, con- 
stant-horsepower, and variable-torque; 
horizontal or vertical; 2 or 3 phase; 
25 to 60 cycles; 14 to 125 hp. 


The insert above illustrates a Wagner 
1l4 hp., three-speed, constant-torque, 
type MRP-1 multi-speed motor driving 
a 3000 c.f.m. exhaust blower. During 
cold weather one must be careful about 
operating exhaust fan equipment if the 
proper amount of heat for comfort is 
to be retained in a building. Therefore, 
in cold weather the blower is operated at 


reduced speeds by turning a switch of . 


the multi-speed motor and adequate 
ventilation is acquired without dissipa- 
tion of too great amount of necessary 
heat. 


Ask for a copy of Bulletin 174 which 
describes Wagner multi-speed motors as 
well as other types of polyphase motors. 


M335-2 


Wagner Electric{orporation 


6400 Ply mouth Avenue, Samt Louis. USA 


" . 
Iran POrime yiOlOo°rs ‘ Brake 
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Specify Electrimatic on 
Controls and follow 
the leaders. We 
make a complete 
line of controls in 
all sizes and types 
Solenoid—Expansion—Suction Pres- 

sure — Two Temperature — Thermostatic 


and Water Regulators for all Refrigerants. 


WRITE FOR OUR CATALOG of latest 
developments in automatic valves before 
you specify your 1936 controls. Our 
engineers have developed several new 
numbers which anticipate 1936 require- 
ments. 


All Air Conditioning Units Should Have Electri- 


matic Controls and Regulators for Accurate and 
Satisfactory Results 





Write for 


this New 
Catalog of 


MONCRIEF 
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a Electrimatic CORPORATION, 2100 INDIANA AVE., CHICAGO 








AIR CONDITIONING 
PIPE AND FITTINGS 


Specially designed and made to meet the exact- 
ing requirements of modern ait conditioning 
systems. Moncrief Lock Joints are a valued fea- 
ture. Everything necessary to install a complete 
system. 










The Henry Furnace & Foundry Co. 
3480 E. 49th St. Cleveland, Ohio 
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was prepared with the aim of offering a complete summary of 
information on these subjects and is based upon results of re- 
search carried on by the publisher’s engineering personnel or 
selected from other reliable sources. 

Section I on flow of fluids in pipes covers the general con- 
siderations involved, flow of high and low pressure air, gas, 
water, oil, gasoline and steam; determination of pipe sizes; 
resistance of valves and fittings (abstracted elsewhere in this 
issue) ; and presents numerous charts and examples. Section II 
is concerned with discharge of fluids into atmosphere. Section 
III, heat transmission, includes information on heat losses from 
bare pipe in air,-insulation, effect of air velocity on heat loss, 
heating with injected steam, heat transfer through pipes, heat- 
ing oil and heating water with steam coils, and heat loss from 
elevated steel tanks. 

Section IV, steam, covers steam flash, size of return piping, 
compares heat transfer with superheated and saturated steam, 
and presents steam tables. Sections V and VI comprise miscel- 
laneous tables and references. 

A large steam flow chart pasted to the back cover is presented 
and its use described in the first section. 




















Recent Trade Literature 








For your convenience in obtaining copies 
of bulletins, see coupon on page 107. 


No. 700. AIR METERS: Julien P. Friez & Sons, Inc., 
Baltimore, Md. 2 p. bulletin describing instrument for study 
and measurement of pressures and vacuums as well as velocities 
(in fpm) of air in ducts, at grille faces, fans, etc. 

No. 701. BOILERS AND RADIATORS: Crane Co.. 836 
S. Michigan Ave., Chicago, Ill. 56 p. catalog of tables and 
technical data, sectional drawings, performance records, etc., for 
eight different styles of boilers for commercial and residential 
heating; similar information is given on radiators, and various 
specialties are described. 

No. 702. BOILERS AND STOKERS: National Radiator 
Corp., Johnstown, Pa. 4 p. folder on Iron Fireman—National 
stoker—boiler combinations for commercial and industrial heat- 
ing, briefly describing two series of steel boilers and citing advan- 
tages of the combination. 

No. 703. BRINE COOLERS: Carbondale Machine Corp., 
Harrison, N. J. 8 p. bulletin on brine coolers, describing fea- 
tures of design and construction of horizontal, vertical, single 
pass, and multi-pass types. 

No. 704. CHAIN DRIVES: Morse Chain Co., Ithaca, N. Y. 
Ingenious silent chain drive selector aimed to take the mystery 
out of silent chain designing; covers a range of % to 150 hp. 
By means of tables and a sliding scale, number of teeth in the 
sprockets, chain width and pitch, standard center distance, chain 
length, and sprocket diameters are determined and stock sizes 
indicated. 

No. 705. COMPRESSORS: Worthington Pump and Ma- 
chinery Corp., Harrison, N. J. § p. bulletin describing in detail 
and giving specifications for single horizontal, single stage steam 
and motor driven compressors, 11 in. and 13 in. stroke, tapered 
roller bearings. 

No. 706. CONTROLLERS: The Brown Instrument Co., 
Wayne and Roberts Aves., Philadelphia, Pa. 24 p. catalog of 
air operated controllers for temperature, pressure, flow and liquid 
level illustrating construction and ease of adjustment, “tuning 
in” the throttling range, automatic reset, and interchangeability 
of control units. 

No. 707. CONVECTORS: National Radiator Corp., Johns- 
town, Pa. 32 p. catalog of “Aero” cast iron concealed heating 
units or convectors, describing the line and giving selection and 
installation data, dimensions, ratings, performance data, notes « 
special applications, etc. 


No. 708. COPPER FITTINGS: American Radiator Co., 40 
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OR THE RECORDING OF 

RELATIVE HUMIDITY, TEM- 
PERATURE, AND ELECTRICAL 
RUNNING TIME OR OPER- 
ATION. Any combination of 
functions available. Charts on 
index file cards with space on 
back for simultaneous record- 
ing of general data. EASILY 
PORTABLE. (Wt. 52 oz.) VERY 
COMPACT. (Size 8!/2” x 5/2” x 
2'/,”"). Rugged, sensitive and 
reliable. An ideal instrument 
for all concerned with air con- 
ditioning, heating, ventilating, 
refrigeration and for many in- 
dustrial applications. Unique 
and embodying up to the min- 
ute instrument practice at par- 
ticularly reasonable prices. 


p Priced from 
Designed and manufactured by 


the MAKERS OF AMERICA'S $45.00 


WEATHER INSTRUMENTS. list. 


-_ 


Apply for details of our complete line of instruments for control, 
indication, and recording of air conditions for all purposes. 
Attractive Bulletin on request. 


JULIEN P. FRIEZ & SONS, INC. 


(A Subsidiary of the Bendix Aviation Corporation) 
Baltimore, Marylan 





ee 
FRIEZ RECORDERS 











...10 the Man 


Who Pays the Fuel Bills 


Stop wasting fuel trying to heat 
cold spots with slow old-fashioned 
heating methods. Plug these 
leaks in your fuel cost by instal- 
ling Ilg Unit Heaters. They heat 
fast—the heat waves are forcibly 
directed to the floor — dynamic- 
ally circulated, uniformly distri- 
buted. There is no excessive 
congestion of heat at the ceiling. 


Any hard to heat place where 


doors are open frequently, can 
be heated better. faster and more eco- 
nomically with Iig Unit Heaters; and 
you can save a lotof money by modern- 
izing your whole heating plant with 
lig Unit Heating equipment. Ask for 
facts, figures and testimony from firms 
you know by name and fame. Send for 
the new Ilg Unit Heater Book—a story 
about buying your heat at a bargain. 


ILG ELECTRIC VENTILATING CO. 
2841 North Crawford Ave., Chicago 
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... about — 
Heating Cold Spots, 
Shipping Rooms, 


Loading Platforms, 
Entrances, Garages 
Se 

Hard to Heat Places. 














HOLTZER-CABOT 


QUIET VARYING SPEED 
MOTORS 





FOR 


AIR CONDITIONING 


AND 


VENTILATING 
SYSTEMS 


WRITE FOR BULLETIN No. 20 
HOLTZER-CABOT ELECTRIC CO. 


Motor Specialists for 50 Years 


125 Amory St. Boston, Mass. 

















Patent 
Pending 


With INDEPENDENT 
"Fabrikated" Adjustable 
Directed Air Flow 


REGISTERS and GRILLES 


Grille bars may be adjusted—before or after installing—to 
direct air flow to any angle to 45 degrees (90 degrees 
over all). Up or down; right or left. Any register or grille 
may be set to deflect air all in one direction, or in several 


directions, as desired. 


Independent 
Register & 
Mfg. Co. 


3757 E. $3rd St. 





Cnt, OH hrizhrrthinhidydysl__| 





Cannot 


Go 
Wrong 
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URTIS 


AIR-CONDITIONING UNITS and 
COMMERCIAL REFRIGERATION 
% to 15 H. P.—Aiir and Water Cooled 


The completeness of the Curtis 
line puts Curtis distributors in an 
enviable position, especially in view 
of the extraordinary popularity of 
Air Conditioning. 

Some desirable territories are still 
open for reliable distributors. 


Proven Design — Financial Stability 
81 Successful Y ears—Established 1854 





CURTIS REFRIGERATING MACHINE CO. 
CURTIS Division of Curtis Manufacturing Co. 
1980 Kienlen Avenue, St. Louis, Missouri, U. S. A. 





WOLVERINE UNIT HEATERS and coils have, in years of actual 
use, shown exceptional savings in fuel. 

Some valuable franchises and territories still open. 
catalogue. 


MYCO MANUFACTURING CO., 1120 Buhl Bidg., 


Write for general 


Detroit, Michigan 
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AIR WASHING NOZZLES 


ROTOJET Nozzles furnished in sizes from '/4” to 2'/2” pipe con- 
nections. Nozzle with cap removed shows involute whirl chamber. 


Binks ROTOJET Clog-Proof Spray Nozzles are the first choice of 
engineers everywhere for more efficient AIR WASHING. Send 
for Bulletin 50 today. 


BINKS MANUFACTURING CO.., 3106 Carroll Ave., Chicago 
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W. 40th St., New York, N. Y. 
“Arco” wrought copper fittings. 


6 p. trade net price sheet for 


No. 709. DRILLS: Rawlplug Co., 98 LaFayette St., New 
York. N. Y. Booklet on masonry drills with information on 
proper use. 

No. 710. FEEDWATER HEATERS: Worthington Pump 


and Machinery Corp., Harrison, N. J. 4 p. folder illustrating 
and briefly describing deaerating feedwater heaters. 

No. 711. FUEL OIL HEATERS. Ross Heater & Mfg. Co., 
1407-11 West Ave., Buffalo, N. Y. Fuel oil heater and tank 
suction heater catalog with descriptions, drawings, 
and capacity tables for selection. 

No. 712. GASKETS: Goetze Gasket & Packing Co., Inc. 
New Brunswick, N. J. 64 p. catalog of metallic and semi-metallic 
gaskets, sheet and stuffing box packings, sealing compounds, 
gasket cutting tools, valve discs, filter screens, and metal stamp- 
ings, with diagrams, price information. A foreword 
points out the importance of proper gasket choice. 

No. 713. HEATING UNITS: F. C. Williams, Inc., 22805-9 
Michigan Ave., Dearborn, Mich., 4 p. folder describing “Air- 
mixt Sally Mander” coke fired portable heating units for plants, 
snow melting, fog elimination, and general service, with plain 
or rubber covered wheels. Average capacity, 250,000 Btu per 
hr, 64,000 cfh fan. 

No. 714. METEOROLOGY: Julien P. Friez & Sons, Inc., 
Baltimore, Md. 16 p. booklet, “Wind News,” and supplementary 
price sheet describing this company’s newer wind instruments 
and illustrating prominent installations. 

No. 715. PUMPING UNITS: Lawrence Pump & Engine 
Co., Lawrence, Mass. bulletin describing “Electropump” 
centrifugal pumping units for small and moderate capacities for 
booster service, low 


dimensions, 


size and 


” 


8 p. 


circulating hot and cold water and brine, 
pressure boiler feeding, condensate return, air conditioning work, 


transfer of oil and other liquids, etc. Rating and dimension 
tables are given. 
No. 716. PUMPS: Worthington Pump and Machinery Corp., 


Harrison, N. J. 
deep well turbine pumps. 


4 p. folder stressing reducing water costs with 


Statement of Ownership and Management of 
“Heating, Piping and Air Conditioning” 
for October 1, 1935 
a statement of ownership, management, etc., as re- 
1933, of Heating, Piping and 





Vhe following is 
quired by the Act of Congress of March 3, 


Air Conditioning,” published monthly at Chicago, Ill, for October 1, 
1935: 
State of Illinois, County of Cook, ss: Before me, a Notary Public in 


and for the State and county aforesaid, personally appeared F. P. Keeney, 
who, having been duly sworn according to law, deposes and says that he 
is the business manager of “Heating, Piping and Air Conditioning,” and 
that the following is, to the best of his knowledge and belief, a true state 
ment of the ownership and management of the aforesaid publication, for 
the date shown in the above caption, required by the Act of August 24, 
1912, embodied in Section 411, Postal Laws and Regulations, to wit: 

1. That the names and addresses of the publisher, editor, managing 
editor, and business manager are: 

Publisher, Keeney Publishing Company, 

Editor, C. E. Price, Chicago, Illinois. 

Managing Editor, C. M. Burnam, Jr.. Chicago, Illinois. 

Business Manager, F. P. Keeney, Chicago, Illinois. 

2. That the owner is: (lf owned by a corporation, its name and address 
must be stated and also immediately thereunder the names and addresses 
of stockholders owning or holding one per cent or more of total amount 
of stock. If not owned by a corporation, the names and addresses of the 
individual owners must be given. If owned by a firm, company, or other 
unincorporated concern, its name and address, as well as those of each 
individual member, must be given.) 


Chicago, Illinois. 


Keeney Publishing Company, 6 North Michigan Avenue. Chicago, Illi 
nois. Stockholders: . Keeney, Chicago; W. J. Osborn, Fairfield, 
Conn.; R. P. Wettstein, Chicago; C. E. Price, Chicago; R. A. Jack, Cleve 


fand Heights, Ohio. 

3. That the known bondholders, mortgagees and other security holders 
owning or holding 1 per cent or more of total amount of bonds, mortgages 
or other securities are: None. 

4. That the two paragraphs next above, giving the names of the owners, 
stockholders and security holders, if any, contain not only the list of 
stockholders and security holders as they appear upon the books of th 
company, but also, in cases where the stockholder or security holde: 

appears upon the books of the company as trustee or in any other fiduciary 
relation, the name of the person or corporaton for whom such trustee is 
acting 1s given; also that the said two paragraphs contain statements en 
bracing affiant’s full knowledge and belief as to the circumstances am 
conditions under which stockholders and security holders who do not appea 
upon the books of the company as trustees, hold stock and securities in 
capacity other than that of a bona fide ownert and this affiant has n 
reason to believe that any other person, association, or corporation ha 
any interest direct or indirect in the said stock, bonds, or other securities 
than as so stated by him. F. P. Keeney, 

Business Manager. 


Sworn to and subscribed before me this 1st day of October, 1935. 
[My commission expires Feb. 10, 1938.] Grace E. Waymire. 
(SEAI Notary Public 
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No. 717. STOKERS: The Will-Burt Co., Orrville, Ohio. 
8 p. bulletin on commercial stokers built in fourteen models, 
describing in detail their construction and showing various types 
of buildings in which they are installed. 

No. 718. TUBE FABRICATING EQUIPMENT: 
Appliance Co., Cleveland, Ohio. 24 p. bulletin on tube fabricat- 
ing equipment, giving complete descriptions, instructions, and 


Parker 


price list. 

No. 719. UNIT HEATERS: American Blower Corp., 6000 
Russell St., Detroit, Mich. 48 p. “Venturafin” unit heater 
catalog and engineering application guide, with complete informa- 
tion, including general description, capacity tables and detailed 
instructions on application. 

No. 720. UNIT HEATERS: The Fedders Mfg. Co., 57 
Tonawanda St., Buffalo, N. Y. Data book on “Series 3” unit 
heaters in 20 standard models which—with 7 new sizes recently 





announced—provide capacities up to 1300 E.D.R. 
No. 721. UNIT HEATERS: Modine Mfg. Co.. Racine, 
Wis. Catalog of direct suspension type unit heaters, including 


4 new ones, with detailed descriptions, information on applica- 
tions to process as well as heating problems, and instructions 
for selection. 

No. 722. WATER HEATERS: The Patterson-Kelley Co., 
Inc., East Stroudsburg, Pa. 22 p. catalog of hot water service 
heaters, including information on water consumption and how to 
figure amount of steam required to heat water. Detailed de- 
scriptions and tables are presented. 

No. 723. WATER HEATING EQUIPMENT: 
Products Corp., 65 Clyde Ave., Buffalo, N. Y. Catalog of water 
heating equipment and accessories. 

No. 724. WELDING: Harnischfeger Corp., Milwaukee, Wis. 


Excelso 
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FOR YOUR CONVENIENCE 








Heating, Piping and Air Conditioning, 
6 N. Michigan Ave., Chicago, III. 

Please ask the manufacturer to send me more informa- 
tion about the equipment mentioned under the following 
reference numbers in “Equipment Developments” and 
“Recent Trade Literature.” (Check numbers in which you 
are interested) : 

600 601 602 (D3 004 605 606 607 608 
609 610 611 612 613 614 615 616 617 
700 701 702 703 704 705 706 707 708 
709 710 711 712 713 714 715 716 717 
718 719 720 721 722 723 724 725 726 
BIDS. ae 45% ob as ase Cab ak Oded ee Pe iden oan 
SENN (6.0.4 Glen a cis oka ce arc wma Gee hele aka ated aan ae 
INS 06 4d ee, Se a keane ded caw thaw annus ewks ones cawbee 
24 p. booklet, “Weld It Well!" covering complete line of 


“P&H-Hansen” arc welders from 50 to 800 ampere units, giving 
condensed specifications and performance data and information 
about fixtures and accessories. 

No, 725. WELDING: 
Ohio. 34 p. booklet of arc welding electrodes and accessories 
giving 
welding various types of steels, hard facing, etc., 


The Lincoln Electric Co., Cleveland, 


complete descriptions, applications and procedures for 
and describing 
and illustrating many accessories for facilitating use of the 
electric arc. 
No. 726. 
Ohio. 


tornado,” with information on fabrication of large diameter pipe, 


WELDING: 


40 p. booklet on automatic arc welding by the “electronic 


The Lincoln Electric Co., Cleveland, 


building large tanks, etc. 


ADVERTISING 


8 cents for each word including heading and address. Count nine words for keyed address. 


Minimum $2.00 for each insertion. One 


inch $4.00. 


Cash must accompany order. 





Copy must be in our hands by the twenty-fifth of the month previous to issue. 





SITUATIONS WANTED 


SITUATIONS OPEN 


FOR SALE 








ENGINEER WITH 22 YEARS 


MANUFACTURERS AGENTS 


ARC WELDING BARGAINS 





experience in all classes of heating and 
ventilation design and installation, in- 
cluding 6 years of excellent selling and 
management record in air conditioning 
desires responsible work in Eastern 
territory or South. 8 years in business 


Experienced men to sell nationally 


known line of fans and blowers. Reply 


by letter giving experience and terri- 
tory covered to Key 255-A, “Heating, 
Piping and Air Conditioning,” 6 North 
Michigan Avenue, Chicago, Illinois.. 


MISCELLANEOUS 





Install profitable welding equipment. 
Electric, gasoline, and pulley drives, or 
“Build-Your-Own” generators great 
savings on all models. 30 Days’ Trial 
to prove profits. Send for BARGAIN 
LIST, no obligation. KEN’S EQUIP- 
MENT SHOP, BOX HT-115, TROY, 
OHIO. 









for self as prominent consulting engi- 





neer. Thoroughly familiar with all 

matters of design, installation, selling, FOR 
sales and dealer set-ups, market equip- _TEeSIVERS 
ment. Best record and _ references. erat ee 
Address Key 351-A, “Heating, Piping £7 





and Air Conditioning,” 6 North Mich- 
igan Avenue, Chicago, Illinois. 





SEAMLESS 
COPPER 


FLOATS 





Naugatuck Mfg. Co., Union City, Conn. 





If you have anything to sell, if you are look 
ing for a “good buy,” if you are seeking a con- 
nection or if you are looking for a salesman 
use the Classified Page of HEATING, PIPING 
and AIR CONDITIONING. 








uy 4 Se) Be] fey 3 
ENGINEERED WELDING FITTINGS 


Forged and formed seamless —all walls at 
least full pipe thickness and thicker at 
points of stress. Bright, clean, machine- 
tool bevel insures better and faster weld- 


Tal: All sizes, types, Plate styles in all 


pipe diameters and thicknesses. Prompt 


deliveries from stock. 
17 -e 40) m2 @) 1c) ae a | ae 2) 1 


General Offices and Works: P.O. Box 485, Chicago 
New York Office 50 Church Street 












yo | eS bn 
THERE'S ONE FOR 
EVERY HEATING JOB 
Do the job More Economically 
with one of the Titusville 
Family of Firebox Type Boilers 
—the efficient solution to every 


heating problem. Write for 
Bulletin 9090-AHAC. 
























THE TITUSVILLE IRON WORKS COMPANY 
Division of Struthers Wells - Titusville Corporation 
TITUSVILLE. PA. 
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